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CHAPTER I. INTRODUCTION 
Selection of farm machinery has been a problem for farm opera­
tors ever since agriculture became mechanized. The wide variety of 
sizes, types and brands of machinery created an infinite number of 
combinations, and the complexity of the relationships which affect 
machinery costs and performance make the decision difficult. 
Machinery costs have long been a major portion of the cost 
structure on most midwestern farms. Table 1.1 shows that machinery 
costs have varied from 37 to 48 percent of total farm costs on Iowa 
farms between 1950 and 1975. In dollar terms average machinery 
costs per acre have increased rapidly in the past few years. How­
ever, crop yields and prices have also increased. As seen in Table 
1.1 machinery costs per acre as a percent of the average gross value 
of corn per acre have actually changed very little in the past twenty-
five years. 
Table 1.1. Farm machinery costs in Iowa, 1950-1975* 
Machinery costs as 
a percent of 
Year total farm costs 
Machinery Machinery cost per acre 
cost as a percent of gross 
per acre value of corn per acre 
1950 
1955 
1960 
1965 
i Qv" 19/U 
1975 
43% 
48% 
46% 
38% 
$19 
20 
22 
25 
26% 
31% 
37% 
27% 
69 29% 
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However, there is no doubt that the range in sizes of farm 
machinery available has never been greater. In addition, the sudden 
increase in world grain prices in this decade has caused many farmers 
to adopt cash grain farming as their sole enterprise. Favorable cash 
flows have made possible even greater investments in land and 
machinery. The question of whether or not farmers have excess 
machinery capacity has been raised in many places, but for several 
reasons this question has been especially difficult to answer. 
First, machinery costs depend on not just one machine or 
operation, but a whole system of machines with power provided by one 
or more tractors or self-propelled units. The performance of one 
machine may be affected by the characteristics of another machine; 
for example, when harvesting corn either the combining, hauling or 
drying operations may limit the rate at which harvesting is completed. 
Second, some machinery-related costs are not "out-of-pocket" 
costs and may not be easily recognized or calculated. Depreciation 
is one example. Another is the indirect cost of lower crop yields 
due to not completing planting and harvesting during the optimal time 
periods. Estimation of yield-related machinery costs by farmers is 
further complicated by the effects which other random occurrences such 
as rainfall, insects, frost and temperature have on crop yields. 
This makes it difficult to isolate the effects due solely to timeli­
ness of operations and machinery size. Completion dates are also 
affected by labor hours available, number of tillage operations 
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carried out and number of acres farmed, all of which are different for 
each producer. 
Third, there is no universal agreement on what criteria should 
be used to evaluate which machinery sets are "best". The most 
common criteria is minimization of total machinery costs, including 
ownership costs, operating costs, labor and timeliness costs. While 
the cost factor is probably the most important element in machinery 
selection, reduction of risk and minimization of income variation 
must also be considered. Year-to-year fluctuations in weather cause 
the number and distribution of days suitable for field work to be 
highly variable. A machinery set which minimizes costs one year 
may be much too large or much too small the next year. 
Many farmers recognize the need to protect against large losses 
from late planting and harvesting in years in which weather is 
highly unfavorable, and use this as a rational for owning machinery 
which is larger than necessary for the majority of years. However, 
the question has not been answered as to how much extra capacity is 
needed, or the true cost of this bad weather "insurance". 
Most discussions of machinery selection have emphasized the 
trade-offs between the fixed or ownership costs of farm machinery and 
the value of yield losses which result from planting and harvesting 
crops on dates other than the optimal ones. By considering these 
yield losses as a component of machinery costs, the problem becomes 
one of cost minimization. Estimates of timeliness costs have usually 
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been based on average weather expectations or some arbitrarily 
selected level of probability in which fewer than average suitable 
field days are assumed (21, 25, 8, 9, 35). 
Some machinery selection models have been constructed in which 
the optimal machinery set is the one which allows all machinery 
operations to be completed by a certain date for a given number of 
years out of ten. However, this "all or nothing" approach ignores the 
fact that timeliness losses increase gradually as the date of 
completion of planting or harvesting is delayed, at least for the 
most important midwest crops (12, 42). 
Another important factor in machinery selection is the impact 
of machinery investments on income tax payments. Rapid depreciation 
methods and investment credit allowances effectively reduce the 
cost of machinery ownership, but rarely have been considered In esti­
mating least-cost combinations of farm machinery. 
Making machinery size recommendations on the basis of minimiza­
tion of total costs also ignores the element of risk. The farmer 
who buys machinery which is larger than the least-cost size may be 
acting in a rational manner if this excess capacity prevents him 
from suffering losses in a particular year large enough to affect 
the financial security of his business. Several authors have recog­
nized the Importance of risk réduction as well as profit maximization 
as a goal of farm management (2, 23, 41). By utilizing weather 
records, a probability distribution for machinery costs can be 
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estimated and the risk reducing potential of various machinery sets 
can be evaluated. The degree of risk reduction achieved can then be 
compared to the corresponding increases in long-run total costs. 
This study will attempt to incorporate the concepts discussed 
above in the context of an Iowa corn and soybean producer. The 
specific objectives of the study are as follows: 
1. Construct a model which accurately estimates machinery 
related costs under a broad range of assumptions. 
2. Estimate the effects which variations in parameters such 
as acres farmed, amount of labor available, crop yields and prices, 
type of crops grown and location within Iowa have on total machinery 
costs including timeliness costs and tax savings, and identify 
representative sets of machinery which minimize total machinery 
costs for various combinations of values for these parameters. 
3. Demonstrate the use of several criteria for choosing the 
optimum scale of machinery which consider variability of machinery 
costs as well as their long-run average level. 
4. Compare the estimated optimal machinery sizes to those 
actually possessed by a sample of Iowa farmers. 
The problem of machinery selection under conditions of un­
certainty can be analyzed in terms of an individual firm operating 
in perfectly competitive markets. The second chapter of this study 
discusses the theoretical basis for determining the optimal size of 
machinery for a farm business» including the trade-offs between 
profit maximization and risk reduction. Chapter III presents the 
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details of the methodology used to estimate machinery cost distri­
butions and to identify optimal machinery combinations. 
The following three chapters will present the empirical results 
obtained from the study and attempt to meet the objectives listed 
above. The final chapter will summarize these results and discuss 
their implications for practical farm management decisions. 
Machinery represents a major investment item on most midwest 
farms. Increasing the amount of information available on machinery 
costs and exploring methodologies for generating and evaluating 
this information offers possibilities for substantially reducing 
both long-run costs and the degree of risk faced by crop producers. 
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CHAPTER II. THEORETICAL BASIS FOR DETERMINING 
THE OPTIMUM MACHINERY COMPLEMENT 
In many ways the typical Iowa farming operation fits the de­
scription of the standard economic firm producing in an environment 
of perfect competition as outlined in most micro-economic theory 
texts. The farmer makes a decision about his intended level of pro­
duction based on what he knows about his own production functions and 
according to factor and product prices over which he as an individual 
has little or no control. Due to the durable nature of many agricul­
tural inputs the farmer is faced with both short-run and long-run 
production decisions. 
Since farm machinery is the factor of production being analyzed 
in this study, the short-run will be defined as the period of time 
over which the machinery complement is held constant, while the long-
run allows for adjustments in machinery capacity. 
Production level or quantity of output for grain farms would 
normally be measured by bushels of grain produced. However, variable 
machinery costs are more closely a function of the number of crop 
acres over which the machinery set is operated. Only in the case of 
drying of grain do costs vary directly with the actual bushels pro­
duced. Total production of grain is assumed to vary directly with 
the acres in production, with the yield coefficients being specified 
as parameters. Yield reductions which result from inadequate machin­
ery capacity and/or variations in the number of suitable field days 
will be expressed as additional production costs, with output (number 
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of crop acres) held constant. Therefore, acres of land devoted to 
grain production (specifically corn and soybeans) will be used as a 
measure of quantity of output, even though strictly speaking this is 
a factor of production, not an output. 
Figure 2.1 represents a classical set of short-run cost curves 
for a firm. Average fixed costs (AFC) decline as total fixed costs 
are allocated over more and more units of production (11). These 
costs correspond to items such as depreciation due to age and obso­
lescence, interest on investment, property taxes, insurance and 
housing costs for machinery. 
Another assumption generally made in the theory of the firm is 
that: 
"As the amount of a variable input is increased, the 
amount of other (fixed) inputs held constant, a point 
is reached beyond which marginal product declines." 
(11, page 122). 
This assumption is commonly known as the principal of diminishing 
marginal physical product. Given a constant set of factor prices, 
this results in a rising marginal cost curve (MC) and a rising average 
variable cost curve (AVC). This holds true with respect to machinery 
use in grain production mainly due to reductions in harvested yields 
associated with later planting and harvesting dates. Late planting 
yield losses result from a shorter growing season which prevents the 
crop from reaching physiological maturity (28). Late harvesting 
yield losses result mostly from increased field losses when overly 
dry grain is harvested mechanically (29). Average and marginal vari-
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$/unit 
Quantity of Output 
Figure 2.1. Short-run cost curves for the firm. 
$/unit SAC, 
SACg SACg SACj 
Quantity of Output 
Figure 2.2. Short-run and long-run average total cost curves 
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able machinery costs also rise as quantity of output increases due 
to repair costs, which rise at an increasing rate as a machine accu­
mulates more hours of use (3), and due to the need to spend relatively 
more time transporting grain and machinery to and from field locations. 
All of these factors combine to produce an average total cost 
curve (ATC) which declines initially, then rises as output is in­
creased. Figure 2.2. shows several of these short-run average total 
cost curves, each representing a different set of machinery or "plant 
size" (11). As long as the machinery set is held constant, the pro­
ducer must decide how far he can expand production along his respec­
tive SAC before marginal cost exceeds marginal revenue. In the 
present case, marginal revenue would be the added total revenue per 
acre (yield times price for an individual producer in a competitive 
market) minus all added nonmachinery costs of grain production. In 
the long run the producer also has the choice of which SAC to use, 
t • Ca 9 Hc uai* ovyu lie a &a;yci ui siiici i ici dcu ut iiiauii xii luvv, 
it is often the case that quantity of output (number of acres) is 
determined first and machinery capacity is adjusted till it corre­
sponds to the SAC which has the lowest average total cost at that 
particular level of production. 
The long-run average total cost curve (LAC) is determined by 
connecting all points representing the minimum SAC which can be 
achieved at each level of output. Machinery sets are assumed to come 
in discrete sizes. However, by using different combinations of 
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sizes of individual machines within sets, a greater number of SAC s 
can be constructed and a smoother LAC results. Once the desired or 
feasible level of output has been decided, the fundamental question 
of machinery selection becomes that of determining which set of 
machinery is represented by the corresponding point on the LAC, i.e., 
gives the lowest possible total cost per unit of output (total cost 
per acre). 
Determining the Least-Cost Machinery Set for 
a Given Level of Production 
In this section a theoretical approach will be outlined for cal­
culating total machinery costs as the sum of fixed, operating, labor 
and timeliness costs, each of which can be expressed as a function 
of a common vector of independent variables, namely capacity of each 
type of machine included in the set. Optimization procedures can 
then be used to solve for the set of machinery capacity values which 
minimize total machinery costs for â given set Of parameter Values. 
A set of machinery is comprised of n. different machines, each 
designed to perform a particular tillage, planting, weed control or 
harvesting operation. Each machine has a particular capacity C_ 
measured in acres of crops over which its particular function can be 
completed in an hour. The list price of each machine has been shown 
to approximate a linear function of its size or capacity (12). 
Furthermore, the fixed costs associated with a particular machine 
can be estimated as a linear function of its list price (3), given 
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certain parameters such as years of useful life, interest rate, 
salvage value, and tax and insurance rates. Therefore, the annual 
fixed costs (FC) for a set of machinery can be estimated by the sum 
of a set of n linear equations: 
n 
FC = z f (C.) (2.1) 
i = 1 1 
where 
FC = fixed costs in dollars per year 
C^ = capacity of the i-th machine in acres per hour 
List prices of tractors have been shown to approximate a linear 
function of their respective power take-off (p.t.o.) horsepowers (12), 
and the horsepower requirement for pulling each type of machine at 
its normal operating speed varies directly and linearly with the 
machine's capacity (1). Tractor fixed costs (TFC) also can be esti­
mated as a linear function of list price (3), so they, too, can 
be expressed as a linear function of the capacity of each machine. 
Actually, the tractor size (horsepower) required will depend on the 
maximum horsepower requirement of any of the tractor-powered machines 
included in the machinery complement. 
TFC = f (C^, Cg, . . ., C^) (2.2) 
where 
TFC = tractor fixed costs in dollars per year 
Machinery operating costs include fuel, oil, repairs and 
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maintenance. Fuel and oil consumption per hour for various tractors 
has been shown to vary linearly with the maximum power take-off horse­
power rating of each tractor i(l, 3). Repair and maintenance costs 
for tractors and other machines can be estimated as a linear function 
of each machine's list price (3), which, as stated previously, can 
be estimated as a linear function of its capacity or size. Repair 
and maintenance costs are an increasing function of accumulated hours 
of use, which is influenced by machinery capacity when the number of 
acres to be covered is constant. Therefore, total machinery operating 
costs per hour can also be estimated as a linear function of the 
capacity of each machine in the machinery complement. 
To convert operating cost per hour for each machine to total 
operating cost for a given number of crop acres, simply divide by the 
machine's capacity in acres per hours and multiply by the number 
of acres over which it is to be used. Thus, total operating costs 
are both a direct and an inverse linear function of machinery capac­
ity, and can be expressed as follows: 
n , 
OC = E f(C. C'\) (2.3) 
i = 1 1 
where 
OC = total operating costs in dollars per year 
As might be expected from the form of the equation, machinery 
operating costs per acre (or for a given number of acres) are nearly 
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constant, regardless of the capacity of the machines selected (14). 
A small amount of variation results from the fact that repair and 
maintenance costs are assumed to also be an increasing function of 
accumulated hours of use over the life of the machine which in turn 
varies inversely with the capacity of the machine if number of acres 
is constant. 
Labor costs associated with machinery operations are assumed to 
vary directly with the number of hours required to perform machinery 
operations, assuming a constant wage rate. These hours in turn vary 
inversely with the capacity of each machine, so labor costs are an 
inverse linear function of machinery capacity, given values for pa­
rameters such as wage rate, number of crop acres, and the number of 
times each acre is covered by each machine (3). Thus: 
L = ! f (c;l) (2.4) 
1 = 1 ' 
where 
L = labor cost in dollars per year 
The other major cost associated with a given machinery set is 
timeliness cost, or the reduction in harvested yield which occurs as 
a result of not planting and harvesting crops on optimal dates. This 
cost also can be expressed as an inverse function of machinery capac­
ity, given such parameter values as number of crop acres, number of 
suitable field days, field hours per suitable field day, potential 
crop yields and expected crop prices. Empirical results suggest that 
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timeliness functions are nonlinear and in fact fit an inverse second 
degree equation reasonably well (18, 42). Timeliness costs (TMC) 
can thus be expressed as follows: 
TMC = f (C^, Cg C^)"^ (2.5) 
where 
TMC = timeliness cost in dollars per year 
The total cost (TC) of a particular set of machinery can then be 
defined as the sum of fixed, operating, labor and timeliness costs, 
as expressed by the identity: 
TC = FC + OC + L + TMC (2.6) 
where 
TC = total cost of the machinery set in dollars per year 
Since the independent variable in each of the four components 
of the total cost equation 1? machinery capacity (C,). total cost 
can be expressed as a function of this variable, TC = f (C^), for 
i=l, n. To find values for the C^'s which minimize total machinery 
cost, the partial derivative of TC with respect to each C^ would be 
calculated and set equal to zero. The solution to the resulting 
set of n marginal cost equations with n unknowns (C^ through C^) 
would correspond to the machinery set giving the minimum total machin 
ery cost for the parameter values specified, including number of crop 
acres. 
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While theoretically correct, the simultaneous equations approach 
to determining the least cost machinery set as outlined above en­
counters several problems in its practical application. 
First is the complexity of the equations themselves. The cost 
equations include expressions in which the exponents of the unknown 
variables range from plus one to a negative two. This raises the 
possibility of multiple and even nonreal solutions. There is also 
the possibility of interaction among the unknowns, that is, the 
capacity of one machine may influence the effective capacity of 
another machine operating simultaneously, as in the case of corn 
combining, hauling and drying. This would further increase the 
complexity of the system of marginal cost equations due to the possi­
bility of cross-partial derivatives. 
For certain machines the capacity may affect timeliness costs 
only when total calendar days needed to complete the operation exceed 
a minimum number. For example, corn planting usually cannot begin 
before a certain date in the spring due to soil temperatures, and 
freeze possibilities. Capacity of tillage machines affects timeli­
ness only when tillage operations have not been completed before this 
date. Such conditional relationships are difficult to represent in 
a set of continuous cost equations. 
The ratio of suitable field days to calendar days is one param­
eter which enters the timeliness cost equations. This data varies 
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randomly and is usually available only for discrete time periods, 
and is not easily expressed as a continuous algebraic function. 
It may not be possible to purchase a machine of precisely the 
capacity shown to be optimum by the system of cost equations. Most 
farm machinery is available only in a limited number of discrete 
sizes. In addition, for row crops certain machines must be of the 
same width or a fraction of the same width, for example, a planter 
and a cultivator, due to the necessity of following a set of rows 
which are exactly parallel to one another. 
Given these limitations it may be more feasible to determine the 
least cost machinery set by simulating the performance of a number 
of practically available and usable combinations and comparing the 
total machinery related costs of each. If this procedure is used, 
exactly the same cost relationships can be used as have been explained 
previously. In addition, several of the relationships which are 
difficult to express as continuous functions can be included. By 
calculating total costs for a series of machinery sets over different 
levels of output, the cost curves for each set can be mapped out and 
the least-cost set determined by inspection. The theoretical basis 
for determining the least-cost set of machinery is no different from 
that described at the beginning of this chapter. The simulation 
method simply represents, in this case, a more practical and flexible 
approach to estimating machinery cost functions than does the more 
formal simultaneous marginal cost equations approach to determining 
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optimal solutions. As Boehlje observed, 
The choice of a particular model to use in the 
analysis of a specific decision problem depends upon 
the cost of the model development and use compared 
to the value of the information acquired from the model. 
Recent research indicates that a number of decision 
problems may have response functions with a "broad" 
optimum. Thus the issue of optimization should not 
be a major determinant in the choice between model 
structures. In most cases, a near-optimal response 
to a correctly specified problem will be more 
valuable than an error-free estimate of the optimal 
response for an erroneously specified problem (7). 
Variability as a Consideration 
The timeliness component of machinery costs depends to a large 
degree on the values chosen for the expected number of days suitable 
for field work for each calendar period. These values are highly 
variable from period to period and year to year. Most machinery and 
crop production models assume a set of suitable field day values which 
are defined by a given probability level of occurrence of that number 
of suitable field days or more. The probability level chosen has 
usually been designed to provide a single-valued estimate of average 
timeliness losses over time, plus provide a certain "risk factor" 
for decision makers. 
Using a single-valued set of expectations for suitable field 
days produces, of course, a single expected value for total machinery 
costs. However, nearly every farming enterprise has a probability 
distribution of expected outcomes as well as an expected mean value. 
Primary sources of variation are environmental effects on the blolog-
19 
ical processes involved in agricultural production and economic 
effects caused by variations in price levels for inputs and products. 
If farmers can be assumed to prefer less uncertainty to more uncer­
tainty, then they would be willing to accept a lower expected return 
in exchange for less variability of that return. 
Figure 2.3 illustrates a typical set of indifference curves 
(I^) for a risk averse individual, representing combinations of 
returns and variability yielding equal levels of utility (1). 
Expected 
Returns 
Variability 
Figure 2.3. Expected Return, Variability Indifference Curves 
Figure 2.4 represents the game type if indifference curves with 
total costs being plotted on the vertical axis while total revenue 
is assumed to be constant. If it is assumed that any combination of 
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total costs and variability is preferred to any other combination 
which yields equal costs and more variability, and is also preferred 
to any combination which yields equal variability and higher costs 
or both higher costs and more variability, then the indifference 
curves will be negatively sloped. Further, if decreasing marginal 
rates of substitution between expected costs and variability are 
assumed the indifference curves will be strictly convex with respect 
to the origin (39). The closer the utility curve is to the origin, 
the higher is the level of utility represented. 
a 
Total 
Costs 
$ 
Expected 
4 
Variability 
Figure 2.4. Cost, Variability Indifference Curves 
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Expected cost, variability frontier 
Points a^through h_ represent combinations of expected total 
costs and variability associated with different strategies for a 
particular production environment. For the case at hand, each point 
can represent a different set of machinery while the production 
environment is described by the set of parameter values chosen. It 
can be shown that the optimum machinery set is represented by point 
e^because it lies on a lower indifference curve than any other point 
(39). 
When a limited number of possible outcomes (machinery sets) is 
considered, it is convenient to plot each combination of expected 
cost and variability. This represents the set of attainable combina­
tions. However, some combinations such as points £ and f cannot be 
optimal, that is, they represent both a higher expected cost and a 
higher level of variability than does at least one other point 
(points ^ and respectively) and thus could never be preferred to 
these points, given the assumed form of the utility function. 
By selecting only those points which lie either below or to the 
left of every other point, an envelop curve can be drawn of what 
Van Home refers to as "efficient combinations" (23). As more 
possible outcomes are considered the efficiency set curve approaches 
continuity. This curve is called the expected return, variability 
(E, V) frontier and represents a locus of points for which expected 
costs are minimized for a given level of variability and variability 
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is minimized for a given level of expected total costs. The optimum 
attainable combination is the point on the F.,V frontier which touches 
(is tangent to) the lowest indifference curve. In the case illus­
trated in Figure 2.4 this is point e^. Other risk averse individuals 
with indifference curves sloped more or less steeply would select 
other points on the E,V frontier. 
Variations above the mean 
The next three criteria discussed for evaluating expected level 
and variability of machinery costs concentrate on variations above 
the mean. It can be demonstrated that this is where the most uncer­
tainty lies for machinery costs. Figure 2.5 illustrates the distri­
bution of days suitable for field work for the climatic week of 
May 3=9 in Iowa, for the years 1958=1977. The distribution appears 
to be skewed to the left, that is, more observations are below the 
mean than above it. This is confirmed by the coefficient of skewness 
value of g = .527 (33). Other climatic weeks exhibit frequency 
distributions with a similar shape (appendix B). 
Since the primary source of variation in machinery costs consid­
ered in this study is year-to-year variation in weather conditions, 
it can be expected that the estimated frequency distributions for 
machinery costs will have properties similar to those of the frequency 
distributions for suitable field days, but skewed in the opposite 
direction. Accordingly, observations above the mean should exhibit 
wider fluctuations and create more uncertainty than observations 
Years out 
of twenty 7 
Number of suitable field days 
Figure 2.5. Number of days suitable for field work in Iowa, week of May 3-9, from 1958-1977 
Source: (16) 
24 
below the mean. 
Utility functions which consider only expected costs and positive 
cost variations can be envisioned, since costs below the expected 
mean (or incomes above the mean) cause the entreprenuer no great 
problems, and variability in this direction should not be looked upon 
with disfavor. Therefore, only deviations above the mean (for costs) 
are included in the estimate of variability. These are the outcomes 
which threaten the security of the business. 
Semi-variance 
Markowitz uses the term "semi-variance" to describe a measure 
of variability in which only the undesirable deviations from the mean 
are taken into consideration (22, p. 189). The semi-variance is 
estimated in the following manner: 
n 2 
S = I d/ (2,7) 
i = 1 ^ 
n 
where 
S = the estimate of semi-variance 
(X - X^) if X > X. 
d,- = 
^ 0 if X < X. 
— 1 
X^ = estimated total cost of the i-th machinery set 
Y = mean of the X.. values 
I 
n = number of observations 
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If all machinery sets to be considered had cost probability 
distributions which were symmetrical about the mean both variance and 
semi-variance would produce the same ranking of sets according to 
degree of variability of total costs (22). However, if for reasons 
mentioned above the distributions are skewed to the right, then 
machinery sets which are more likely to produce very high costs in 
certain years will receive a relatively lower ranking under the semi-
variance method than under the more common method utilizing variance 
or standard deviation as a measure of variability. 
Once the expected mean and semi-variance have been calculated 
for each machinery set the combinations can be plotted in the same 
manner as in Figure 2.4. An expected mean, semi-variance (E,S) 
frontier can be constructed in exactly the same manner as the E,V 
frontier and utility curves mapped to determine the optimum machinery 
set. 
Minimax strategy (upper confidence limit) 
Another possible criterion is that which Mclnerney terms a 
"maximin" strategy (23). In terms of cost estimation it would be 
described as "minimax". This criterion says that the optimal strategy 
(machinery set) is the one which has the lowest maximum observed (or 
simulated) value. Where it is possible to estimate all the feasible 
outcomes for each event for a strategy, all values except the highest 
for each strategy are ignored. Where each year represents a possible 
weather event and has a possible outcome, only the highest cost year 
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would be considered. The strategy having the lowest cost for the 
high cost year is then chosen as the preferred one. 
Where it is not possible to estimate all possible outcomes for 
a particular strategy a probability distribution of expected outcomes 
can be used. For example, in the case of farm machinery, estimating 
total costs for several years using the corresponding set of histori­
cal values for suitable field days for each year does not guarantee 
that in the future a year will not come in which so few good field 
days occur that due to very high timeliness costs total machinery 
costs are higher than the estimated value for any of the previous 
years. However, the properties of the probability distribution of 
expected outcomes can be used to predict a maximum possible total 
cost for a specified level of confidence. Baumol calls this a 
"lower confidence limit" (6) and calculates it by the expression: 
LCL = E - aS (2.8) 
where 
LCL = lower confidence limit 
E = expected value (estimated mean of the probability 
distribution) 
S = estimated standard deviation of the probability 
distribution 
a = a constant representing the number of standard 
deviations below the mean (confidence level) the 
27 
decision-maker wishes to consider 
In the case of cost estimation an upper confidence limit would be 
estimated by the expression UCL = E + aS. This criterion emphasizes 
avoiding one disastrous year, despite the possible penalty of higher 
average costs over the long run. 
Maximum affordable loss strategy 
A variation of the minimax strategy involves transforming the 
expression for an upper confidence level to make the level of confi­
dence the unknown variable while the upper confidence level is fixed; 
the result is: 
A = (2.9) 
where 
A = confidence level in number of standard deviations 
E = expected value of total costs (estimated mean of the 
probability distribution) 
m = a constant representing the highest desired value 
for total costs 
S = estimated standard deviation of the probability 
distribution 
The highest desired value for total costs can also be referred 
to as the "maximum affordable loss," and represents the greatest loss 
the business (in the opinion of the producer) could sustain without 
terminating or greatly reducing its scale and/or efficiency of 
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operation. The value of the maximum affordable loss would presumably 
be affected by such factors as expected yields and prices, non-
machinery costs for crop production including rent, fixed commitments 
for debt repayment and even fixed consumption expenditures. 
Summary 
The question of selection of the optimum machinery complement 
by a farmer with a fixed number of acres is analogous to the economic 
firm searching for the plant size for which short-run average cost 
is a minimum given a predetermined level of production. 
Each machinery complement is composed of a set of individual 
machines. Total machinery cost can be expressed as a function of the 
capacity of each of these machines. If a limited number of values 
for machinery capacity are considered, the estimated total cost for 
each combination can be computed and the optimum set chosen by obser­
vation. 
Optimality criteria which consider variability as well as level 
of machinery costs can also be utilized. Since distributions of 
machinery costs may be skewed to the left, several of these optimality 
criteria pay special attention to observations above the mean, repre­
senting years in which machinery costs are higher than average. 
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CHAPTER III. DESCRIPTION OF THE METHODOLOGY 
Before any of the criteria for selecting the optimum machinery 
complement discussed in the previous chapter can be applied, some 
method must be devised for estimating the performance of each machin­
ery set. The most precise would be to actually test the machinery 
sets to be considered under a variety of conditions and measure the 
results. This would prove difficult if not impossible to do on a 
large scale, especially when year-to-year variations in climatic 
conditions are to be considered. 
An alternative is to construct a mathematical model which 
embodies the important physical relationships of the system to be 
studied. The loss of accuracy compared to real world observations 
is offset by more efficient use of time and money in collecting 
observations and the ability to isolate the effect which a change in 
one variable has on the rest of the system by holding all other 
conditions constant. Of course, the accuracy of the results from 
such a model depend directly on the degree to which the relevant 
physical and biological relationships of the system can be correctly 
specified mathematically. 
Mathematical Models 
Several types of mathematical models are available. Some are 
programming models which are designed to find an optimum solution to 
a problem according to a specified objective function. Simulation 
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models, on the other hand, attempt to duplicate the performance of 
a system according to a predetermined path and specified input vari­
ables. 
One of the most common types of programming model is linear 
programming. A drawback to linear programming for studying machinery 
systems is that it assumes perfect divisibility of inputs, whereas 
machinery sets and even individual machines must be purchased in 
discrete quantities. A variation of linear programming which can 
deal with this problem, integer programming, has been employed by 
Kletke and Griffen (21) to analyze machinery complement selection, 
with particular emphasis on the trade-offs between labor and machinery 
costs. Integer, like linear, programming must, however, restrict 
itself to linearly specified relationships. 
The necessity of an integer solution can be avoided by speci­
fying the activities in the model in terms of acquisition of a cer­
tain level of machinery capacity, as shown in equations 2.1 through 
2.6, and rounding the solution values to the nearest machine size 
actually available. However, this involves nonlinear cost relation­
ships. Quadratic programming can adequately handle second degree 
equations, but the cost functions outlined in the previous chapter 
range in degree from a negative two to a positive one. Quadratic 
programming can also include variability in the objective function 
by minimizing variance for a given cost or return level. However, 
variances and covariances associated with the different activities 
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must be specified in the model. 
Simulation models avoid a number of these problems. Resources 
can be made available in discrete quantities and the complexity of 
the relationships which can be expressed is limited only by the 
functions included in the programming language used and the skill of 
the programmer. The variance associated with different machinery 
sets can be estimated with the model itself. In addition, it is not 
necessary to assume optimal behavior on the part of the producer, 
as is implicit in programming models. In the case of crop/machinery 
systems, optimal behavior would require perfect foreknowledge of 
weather conditions. With simulation certain decision points can be 
specified in the model which require only a knowledge of conditions 
which exist at the time the decision is to be made, for example, a 
decision to carry out tillage and planting simultaneously rather 
than complete tillage on all acres first. 
Simulation also allows comparison and ranking of all machinery 
sets under consideration, while a programming model gives extensive 
information only about the optimal solution. While a range analysis 
computes ranges over which shadow prices and marginal value products 
are constant, it does not compute the net revenue or total costs of 
non-optimal solutions. Where the set of possible strategies is 
limited to a relatively small number of possibilities, the optimal 
strategy can be identified by defining the criteria for optimality 
and applying it by inspection to the relevant output values. 
32 
In regard to the value of simulation methods in this area, Wright 
comments that, 
"Systems simulation offers a means of studying 
decision problems of farming systems in relation to 
the full complexity and uncertainty of reality. Al­
though the optimizing principle common to most pro­
gramming techniques must be foregone, the increased 
realism of the results may, in many cases, more than 
offset this disadvantage." (43) 
Three steps were involved in developing a model which could 
simulate performance and costs of various machinery complements. The 
first step was to specify the relationships between machinery costs 
and a number of parameters describing the economic and climatic con­
ditions under which the machinery was being used. These relationships 
were expressed mathematically and were derived from empirical data 
or from expressions previously calculated and verified by other 
authors. 
The second step was to combine these relationships into a mathe-
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crop production system. The third step involved selecting ranges of 
values for the variables, including alternative machinery sets which 
represented the decision environment faced by producers. Only then 
were alternative decision criteria evaluated, hypotheses tested and 
generalizations made. 
Figure 3.1 illustrates the general structure of the model. First 
of all values are read and edited which describe the general produc­
tion environment, including weather parameters. Next data describing 
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the alternative machinery sets to be tested are read and edited. 
The first machinery set is then tested using the first set (year) 
of suitable field days and the lowest acreage level, usually 100 
acres. 
Performance of fall field operations is simulated first, and 
then performance of spring operations, since the amount of tillage 
completed in the fall affects how much must be done in the spring. 
Completion dates for harvesting and planting are estimated and 
yield losses calculated. Then other costs, both fixed and variable, 
are estimated, as well as income tax savings. 
This procedure is repeated ten times. Each time the number of 
crop acres is incremented by a specified amount, usually 100 acres. 
This is done for each set of suitable field days. The data for the 
next machinery set are then read and the whole process is repeated 
until no more sets remain. At this point a detailed summary of the 
costs for each machinery set under each set of suitable field days 
and for each level of crop acres is printed. These estimates can 
then be used to determine the optimum machinery set(s) according to 
one or more of the optimality criteria discussed. 
The remainder of this chapter will discuss in detail each of 
the general steps in the model. 
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Start 
Stop 
Read and edit 
parameters. Write out costs. 
Read and edit all 
weather data. No 
Read and edit data 
for next machinery 
set. 
Yes 
Select new set of 
suitable field days. 
Yes 
Increment number 
of crop acres. 
Perform fall field 
operations (see 
Figure 3.6). 
Perform spring 
field operations 
(see Figure 3.7). 
Calculate yield 
losses and 
yield costs. 
No 
Is 
there another 
machinery set? 
' No 
Are there more 
sets of suitable 
field days. 
Yes 
Have acres been 
incremented 10 
times? 
T 
Calculate income 
tax savings per 
acre. 
T" 
Calculate fixed 
costs per acre. 
Calculate variable 
and labor costs 
per acre. 
Figure 3.1. General flow chart 
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Crop Production Parameters 
Several parameter values were specified which described the 
general production and economic environment under which the machinery 
sets were tested. An interest rate of 9 percent was assumed, which 
is a common charge by lenders who make machinery loans. Fuel prices 
of $.47 per gallon of gasoline, $.47 per gallon of diesel fuel and 
$.40 per gallon of LP gas were assumed. These were average Iowa 
prices in January 1978 as determined by U.S.D.A. surveys (36). 
Several other parameters specified in the model involved indi­
vidual farm characteristics which are not generally measured by the 
U.S. Department of Agriculture or the Iowa Crop and Livestock Reporting 
Service in their statistical summaries. To estimate values for 
these parameters another source was utilized. 
Since 1971 the Iowa State University Cooperative Extension 
Service has annually offered workshops for crop producers utilizing 
a specialized linear programming model called CROP-OPT (18). Parti­
cipants are asked to describe their crop enterprises and land, labor 
and machinery resources in considerable detail. A random sample 
was chosen from among the producers who participated in these work­
shops from December 1975 through March 1978. The sample was chosen 
so as to be unbiased as to location in the northern, central and 
southern one-third of the state, since the most significant changes 
in climatic conditions are observed as one moves from north to 
south within Iowa. Table 3.1 illustrates the composition of the 
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sample. 
No claim can be made that this sample of farms is representative 
in every way of all Iowa farms. The average number of crop acres 
for the farms in the sample was 595, compared to the Iowa average of 
257 total acres per farm. 
Table 3.1. Composition of sample drawn from CROP-OPT participants 
Iowa farms harvesting 
corn, 19763 CROP-OPT sample 
number percent number percent 
Crop reporting districts 1-3 
(northern one-third) 
45,200 38.3% 68 38.2% 
Crop reporting districts 4-6 
(central one-third) 
44,200 37.5% 67 37.6% 
Crop reporting districts 7-9 
(southern one-third) 
28,600 24.2% 43 24.2% 
Total 118,000 100% 178 100% 
"Source: Iowa Crop and Livestock Reporting Service (15, p. 12). 
However, this characteristic of the sample does not necessarily make 
the data less useful, since the average number of crop acres in the 
sample falls nearly in the middle of the range over which the model 
was tested (100-1000 acres). In addition, the results of this 
study should be most useful for those producers for whom the crop 
enterprises receive priority. Given the nature of the workshops 
it seems likely that those farmers who participated placed relatively 
more emphasis on crop enterprises (as compared to livestock) than 
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the average Iowa farmer. In short, participation in the CROP-OPT 
workshops in itself is an indication that the producer and his 
operation possess the characteristics for whom the problems analyzed 
in this study are more pertinent. Therefore, it seems appropriate 
to use the sample of CROP-OPT participants as a source of realistic 
values for parameters contained in the model. 
Parameters for which values were estimated from the CROP-OPT 
sample included expected crop prices and yields, labor price for 
crop labor, proportion of total acres of corn and soybeans devoted 
to each crop, field hours per day for harvesting and planting, and 
labor hours per day in spring and fall. These and other parameter 
values ranged from 1.645 standard deviations below the mean to 
1.645 standard deviations above the mean. For normal distributions 
this range would include approximately 90 percent of the observations. 
Labor hours available per day were assumed to vary directly with 
the number of crop acres. Using data from the sample of CROP-OPT 
participants two relationships were estimated; 
SLH = 6.6 + 1.9A r^ = .58 (3.1) 
FLH = 9.5 + 1.5A r^ = .59 (3.2) 
where 
SLH = spring labor hours per day 
FLH = fall labor hours per day 
A = number of crop acres in hundreds 
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Table 3.2. Parameter values assumed under initial assumptions 
Parameter Mean value assumed 
Price of corn $2.35 per bushel 
Price of soybeans $6.09 per bushel 
Expected corn yield 115 bushels per acre 
Expected soybean yield 36 bushels per acre 
Expected gross revenue from corn $270.25 per acre 
Expected gross revenue from soybeans $219.24 per acre 
Moisture level after drying for covn 13.5% 
Percent of row crop acres in corn 61.0% 
Value of crop labor $3.50 per hour 
Field hours per day, planting 11.0 hours per day 
Field hours per day, harvesting 11.0 hours per day 
Labor hours per day, spring 6.6 plus 1.9 per 100 acres 
Labor hours per day, fall 9.5 plus 1.5 per 100 acres 
Interest rate 9.0% 
Fuel price, gasoline $.47 per gallon 
Fuel price, diesel fuel $.47 per gallon 
Fuel price, LP gas $.40 per gallon 
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In this manner two of the resources in crop production, land and 
labor, were allowed to increase simultaneously, while a third, 
machinery capacity, was held constant. 
Suitable Field Days 
Of all the variables affecting completion dates of field opera­
tions, the most uncontrollable and unpredictable one is the number 
of suitable field days available during different periods of the year. 
Weather conditions are highly variable, and show little consistency 
from week to week or year to year. 
A number of researchers have struggled with the problem of de­
fining which days in a given year were actually suitable for field 
work. One procedure, used by Tulu and others (35), has been to esti­
mate a prediction equation for soil moisture level (and soil tempera­
ture in some cases) from available weather observations, such as rain­
fall, temperature and relative humidity, incorporating as well 
moisture holding characteristics of particular soils. Â calendar 
day is then considered suitable for field work if the soil moisture 
level is predicted to fall below a certain level on that day, or, in 
the case of combining, if the ground is frozen. By applying the 
prediction equation to very long time series (Boisvert (8) used sixty 
years) of climatic data a probability distribution of suitable field 
days can be developed for each of several key periods during the 
year. In some cases actual records of the number of suitable field 
days were available for a limited number of years, for testing the 
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predictive accuracy of the models (8). In other cases predictions 
were tested against actual soil conditions on individual farms for 
a period (25, 35). Models of this type have been rather location 
specific. 
In other cases longer series of observations of actual field 
days were available (10). The Iowa Crop and Livestock Reporting 
Service has collected such data since 1958, using approximately 380 
observers distributed throughout the state. Observations are recorded 
weekly, and summarized for each of the nine crop reporting districts 
as well as for the state as a whole (16). 
State average figures are shown in Appendix B* A suitable 
field day was defined as one in which conditions allowed farmers to 
perform field work during at least half the daylight hours during 
that day (30). Since there was no way of knowing which days within 
a week were suitable it was assumed that each day for a given week 
had an equal probability of being suitable. 
In practice, observations for suitable field days were recorded 
by the Iowa Crop and Livestock Reporting Service in the fall only as 
long as soybean or corn harvest was unfinished. Once harvesting 
was nearly IOC percent complete no more values were recorded for the 
remainder of the year, even if days suitable for harvesting and/or 
fall tillage did occur. In order to accurately reflect the effects 
of weather on machinery performance, values for suitable field days 
were estimated for those weeks during which no observations were 
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made in certain years. 
For each week in which some values were missing a mean and 
variance were estimated using the values recorded in years for which 
harvesting did extend through that period. A random number process 
was then used to generate values conforming to a probability distri­
bution having this same mean and variance. All values greater than 
7.0 were rejected. No values were estimated for the week of December 
6 because actual observations were recorded only four years out of 
the twenty, too few to accurately estimate a probability distribution. 
In this manner a more realistic estimate of completion dates of har­
vesting and fall tillage could be made for situations in which limited 
machinery capacity caused these operations to extend late into the 
year. 
Use of this data series to estimate a probability distribution 
of suitable field days has the advantage of being based on direct 
observations of the desired variable rather than on observations of 
related variables and estimated relationships of those variables 
to the desired variable. For this reason it was decided to use the 
twenty-year data series of actual suitable field days rather than 
attempt to simulate a longer data series from related weather 
observations. 
Regardless of the method used to estimate the probability dis­
tribution of suitable field days, nearly all machinery selection 
models have chosen to employ a single-valued expectation of suitable 
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field days for each calendar period under study. Criteria for 
estimating these single valued expections have varied considerably. 
Mclsaac and Lovering chose simply to use the mean (24, 25). This 
is correct if timeliness losses are a linear function of the number 
of days after the optimal date that planting and harvesting are 
completed, and no account is taken of risk. Others have chosen to 
use values somewhat smaller than the mean. Burrows and Siemens (9), 
used values which they estimated would be smaller than the actual 
values 80 percent of the time. Boisvert (8) employed both 70 percent 
and 80 percent estimates. In some models oriented toward use by 
individual producers, farmers were allowed to choose the level of 
probability of occurence of more than the assumed number of field 
days upon which they wished to plan their machinery systems. This 
allowed producers to express some feelings about trade-offs between 
level and variation of costs, but supplied them with no information 
about v.'hat the trade-offs would be for different choices. In the 
descriptions of several of the models reviewed, statements such as 
the following were made; 
"Frequently an average number of workdays is used 
in analysis work. This value is a poor measure of field 
availability, as only half of the time will the number 
of days available for field work be above this value. 
This indicates that only about 50% of the time would a 
farmer be able to complete his field work in the given 
amount of time. The poor completion percentage afforded 
by a straight average number of work days indicates that 
a better measure is needed." (21, p. 7) 
However, in none of the cases reviewed was any attempt made to 
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identify what level of cumulative probability was correct for 
evaluating machinery complements, nor was any proof offered that the 
mean was not an acceptable estimate of suitable field days. 
Van Kampen (41) and Tulu et al.(35) avoided the question of which 
cumulative probability level is appropriate by calculating estimated 
machinery performance and costs for a series of years, with the 
number of suitable field days assumed for each year equal to actual 
recorded data or estimated made from soil moisture simulation models. 
In this manner a probability distribution for total machinery costs 
(and for each cost component) can be estimated, along with its mean 
and variance. This is the approach followed in this study, and has 
the advantage not only of producing a more accurate estimate of the 
long-run expected total cost associated with each machinery comple­
ment, but allows complements to be evaluated according to criteria 
which include the year-to-year variability of their total costs as 
Wel 1 : 
Description of Machinery Sets 
Although information about actual farm machinery inventories is 
scarce, a recent statewide survey of Iowa farmers did include ques­
tions about sizes of tractors, planters,and combine heads. Nearly 
a third of the tractors reported in use in Iowa in 1976 were under 
fifty horsepower and another one-third were from fifty to eighty 
horsepower, as shown in Table 3.3= Although sales of large tractors 
of 150 horsepower or more are increasing, they made up less than two 
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percent of all tractors in use in 1976. 
Table 3.3. Size of tractors reported in use in 1976, lowa^ 
PTO horsepower Number reported Percent 
20-49 828 32.3 
50-79 877 34.2 
80-99 316 12.3 
100-119 274 10.7 
120-150 222 8.7 
151 or more 46 1.8 
^Source: Hoiberg and Huffman (13, p. 23). 
Over two-thirds of the row crop planters in use in 1976 were 
only four rows wide. Six-row and eight-row planters were the next 
most common (Table 3.4). Four-row corn heads were also the most 
coimon, accounting for over half of the corn heads reported in use 
in Iowa in 1976 (Table 3.5). Nearly a third were two rows wide and 
most of the remainder were three-row or six-row heads. 
Table 3.4. Row size of crop planter used in 1976, Iowa* 
Row size of planter Number reported Percent 
2 39 4.2 
4 633 67.3 
6 91 9.7 
8 69 7.3 
12 10 1.1 
None or no response 98 10.4 
^Source: Hoiberg and Huffman (13, p. 24). 
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Table 3.5. Row size of corn head for combines used in 1976, Iowa® 
Row size Number reported Percent 
2 142 30.8 
3 32 6.9 
4 236 51.2 
6 41 8.9 
8 4 .9 
No response 6 1.3 
^Source: Hoi berg and Huffman (13, p. 25). 
The width of grain heads (such as used for soybeans) in use was 
also reported. Table 3.6 shows that there was a wider variation in 
widths apparent here. No doubt many of the grain heads less than 
ten feet wide were being used with tractor-powered rather than self-
propelled combines. Over sixty percent of the grain heads were 
13-15 feet wide. 
Table 3.6. Width of grain head for combines used in 1976, lowcP 
Width of grain head (feet) Number reported Percent 
5-6 60 10.4 
7-9 43 7.5 
10-12 55 9.6 
13-15 356 61.9 
16-21 42 7.3 
No response 19 3.3 
^Source: Hoiberg and Huffman (13, p. 25). 
Although there is commonly thought to be a trend toward larger 
machinery in Iowa the results of this survey show that much "small" 
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machinery is still in use. The machinery sets selected for evalua­
tion in this study were intended to represent the broad range of 
machinery sizes being used by Iowa farmers at the present time. 
The types and sizes of machines chosen for study are listed in Table 
3.7. 
Table 3.7. Size and composition of machinery subsets 
Size of tillage machines 
Small Medi um Large Extra Large 
First tractor 85 h.p. 105 h.p. 125 h.p. 145 h.p. 
Second tractor 55 h.p. 65 h.p. 75 h.p. 85 h.p. 
Noldboard plow 4 X 16" 5 X 16" 6 X 16" 7 X 16" 
Chisel plow 9.5' 11' 13.5' 15' 
Tandem disk 14' 17' 21' 24' 
Field cultivator 15' 21' 27' 34' 
Spiketooth harrow 21' 26' 31' 36' 
Size of planting, weed control and harvesting machines 
4-row 6-row 8-row 12-row 
Planter 4 X 30" 6 X 30" 8 X 30" 12 X 30" 
Rotary hoe 4 X 30" 6 X 30" S X 30" 12 X 30" 
Cultivator 4 X 30" 6 X 30" 8 X 30" 12 X 30" 
Combine 75 h.p. 100 h.p. 125 h.p. 145 h.p. 
Corn head 2 X 30" 3 X 30" 4 X 30" 6 X 30" 
Soybean head 10' 13' 15' 20' 
Grain wagons (2) 185 bu. 250 bu. 350 bu. 450 bu. 
Auger 700 bu./hr. 1000 bu./hr. 1900 bu./hr. 2300 bu./hr. 
Dryer 100 bu./hr 150 bu./hr. 200 bu./hr. 375 bu./hr. 
The machinery sets which were tested were each divided into two 
subsets: one for tillage machines and one for planting, weed control 
and harvesting machines. The machines in each of the former subsets 
were grouped primarily on the basis of p.t.o. horsepower required at 
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normal operating speed (1) (except for harrows) and the latter sub­
sets were grouped according to width and number of rows for which 
they were designed. The combine size was determined by the horse­
power requirement of the corn head, and the size of the grain head 
was determined by the size of the combine. From these subsets ten 
combinations of complete machinery sets were chosen for testing. 
Table 3.8 shows the composition of these combinations. 
Table 3.8. Machinery set combinations and designations 
Tillage set 
Planting and harvesting set 
4-row 6-row 8-row 12-row 
Small 4S 65 
Medium 4M 6M 8M 
Large 6L 8L 12L 
Extra large BX 12X 
Machinery parameter values 
Appendix A shows the parameter values assumed for the machines 
included in the study. Initial list prices were estimated from in­
formation published by the National Farm and Power Equipment Dealers 
Association (26) and from price lists furnished by several farm 
machinery manufacturers in late 1977. Purchase prices were esti­
mated at 90 percent of list price to allow for the 10 percent in­
vestment tax credit for which most farm machinery purchases qualify. 
Operating speeds and field efficiencies were estimated by Ayres and 
Williams (4). The constant factors used to calculate repair costs 
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(equation 3.14) were used by Ayres and Boehlje (3) and others (l, 20), 
and estimated wear-out lives in hours were taken from the American 
Society of Agricultural Engineers (A.S.A.E.) yearbook (1). 
For all machines total hours of annual use were computed by 
multiplying the capacity of the machine in hours per acres by the 
total number of acres over which it was used by the number of times 
it was used over each acre. Hours of annual use for tractors and 
combine units were equal to the total of the annual hours of use 
of each machine pulled or powered by that power unit. The constants 
used to calculate the remaining value after each year of machine 
life (equation 3.11) were published in the A.S.A.E. yearbook (1) 
and used by Ayres and Boehlje (3) and Kletke (20). 
Field operations 
Field operations performed with machinery vary widely from farm 
to farm, especially for tillage and weed control. Current data is 
scarce. Table 3.9 summarizes the unpublished results of a question­
naire completed by members of a first-year farm management class 
at Iowa State University in January 1978. The questions dealt with 
tillage and weed control machinery operations used on their home 
farms in Iowa. From this information and current enterprise budget 
data for Iowa (34) a representative set of field operations was 
defined. These are listed in Table 3.10. 
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Table 3.9. Tillage and weed control operations performed on home farms 
of first-year farm management students, Iowa State University, 
1978* 
Previous crop and following crop 
Corn to corn Corn to soybeans Soybeans to corn 
Field operation Number Percent^ Number Percent^ Number Percent^ 
Primary tillage: 
chop cornstalks 18 25.3 16 21.1 0 .0 
moldboard plow 49 69.0 44 57.9 19 25.0 
chisel plow 28 39.4 27 35.5 39 51.3 
offset disk 7 9.9 9 11.8 2 2.6 
tandem disk 0 .0 0 .0 18 23.7 
Secondary tillage: 
tandem disk, once 52 73.2 50 65.8 46 60.5 
tandem disk, twice 6 8.5 4 5.3 4 5.3 
field cultivator 36 50.7 45 59.2 43 56.6 
spiketooth harrow 22 31.0 20 26.3 19 25.0 
spring tooth harrow 11 15.5 18 23.7 14 18.4 
Weed control : 
rotary hoe, once 34 47.9 44 57.9 39 51.3 
rotary hoe, twice 2 2,8 2 2.6 2 2.6 
cultivate, once 41 57.7 40 52.6 38 50.0 
cultivate, twice 18 25.3 24 31.6 21 27.6 
Total respondents: 71 76 76 
^Source: Unpublished survey, Department of Economics, Iowa State 
University. 
^Percent of total respondents reporting this operation. Sum for 
each class of operations is greater than 100.0 percent because some re­
spondents reported more than one operation in each class. 
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Table 3.10. Machinery operations assumed and times over 
Machi ne Corn Soybeans 
Moldboard plow 1.0* 
Chisel plow 1.0* 
Tandem disk 1.0 1.0 
Field cultivator .5 .5 
Spiketooth harrow 1.0 1.0 
Planter 1.0 1.0 
Rotary hoe .5 .5 
Cultivator 1.5 1.5 
Combine 1.0 1.0 
Wagon and auger 1.0 1.0 
Dryer 1.0 
®P1owing is assumed to be done in the fall if time allows, 
following harvest of the indicated crop. 
Estimation of Date of Completion of Field Operations 
All machinery operations were classified as fall tillage, spring 
tillage, planting, weed control or harvesting, for either corn or 
soybeans. Simulation of field operations was begun with fall har­
vesting since the completion rate of harvesting affects how much 
fall tillage is completed which in turn affects how much tillage must 
be completed in the spring before crops can be planted. 
Fall field operations 
The date at which soybean harvest began in Iowa for each year 
between 1958 and 1977 was estimated by reviewing weekly weather and 
crop bulletins released by the United States Department of Agricul­
ture (37), Estimated beginning dates for soybean and corn harvesting 
and corn and soybean planting for 1958-77 are shown in Appendix D. 
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The number of suitable field work days needed to complete harvesting 
of soybeans was calculated as follows: 
DAYS. (3.3) 
where 
DAYS = work days needed for soybean harvesting 
AS = acres of soybeans to harvest 
HTS = capacity of harvester in hours per acre 
HRSH = hours of harvesting time per suitable field day 
This estimate of required number of field work days was then 
increased to allow for hours lost due to machinery breakdowns. Table 
3.11 lists the hours assumed to be lost for different classes of 
field operations. 
Table 3.11. Hours of field time lost annually due to machinery 
breakdowns® 
Field operation Hours lost per year 
Tillage 13.6 
Corn planting 5.3 
Soybean planting 3.7 
Corn harvesting 12.3 
Soybean harvesting 8.2 
Source: American Society of Agricultural Engineers (S). 
The number (fraction) of suitable field days for each calendar 
day was estimated by; 
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SFD. = GF&i X ^ , i = 1-28 and k = 1-196 (3.4) 
K 7 ' 
where 
SFD^ = fraction of k-th calendar day suitable for field 
work 
GFD. = number of suitable field days in the i-th week 
DPW = calendar days per week available for field work 
The DPW factor allowed no field work for some suitable days due to 
time needed for making repairs, Sundays, holidays, etc. Fourteen 
weeks (March 29 to July 4) were allowed for tillage and planting and 
twelve weeks (September 30 to December 12) were allowed for har­
vesting and fall tillage. 
The suitable field day fraction for each calendar day was added 
to the cumulative total of suitable field days for all previous days 
until this total was equal to or greater than the number of work 
days required, at which time harvesting was assumed to be completed. 
Beginning and ending dates for all other classes of machinery opera­
tions were estimated in a similar manner. 
The procedure used to estimate fall field operations is shown 
in Figure 3.2. Several constraints were put on the periods during 
which certain machinery operations could occur. The date at which 
corn harvest could begin was estimated In the same manner as the 
beginning date for soybean harvesting. If soybean harvest was 
completed before corn harvest could begin, as much fall tillage 
as possible was completed on the soybean acres. If the operator 
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Figure 3.2. Flow chart for fall field operations 
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knew with certainty how many suitable field days would be available 
for corn harvesting he could balance drying costs, which decrease 
with moisture level, against timeliness costs, which increase with 
moisture level. Several programming models of crop production do 
this (9). However, as pointed out by Donaldson (10) the operator 
cannot know this information with certainty, so it is logical to 
assume that once harvesting begins he will proceed as rapidly as 
possible to avoid delaying completion should poor weather occur 
later in the year. 
Estimating the speed at which corn harvesting was completed 
presented some unique problems in that normally several operations 
take place simultaneously, such as combining, hauling, unloading and 
drying. Any one or a combination of these operations can limit 
the rate at which harvesting is completed. 
The simulation model was constructed assuming one person was 
available to operate the combine and a second person was available 
for hauling and unloading grain and for operating the dryer. Any 
of three performance rates could limit the rate of harvesting. The 
first was the operating capacity of the combine. The second was the 
operating capacity of the dryer. Dryer capacity was assumed to be 
partially a function of the amount of moisture to be removed, which 
declined as the harvesting progressed. Thus, dryer capacity in­
creased (hours per acre decreased) during the harvesting period. 
The third capacity was the total amount of labor time per 
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acre required for the second person involved in harvesting. Labor 
for these operations was assumed to be equal to the hauling time plus 
twice the auger time, to allow for time spent positioning wagons, 
cleaning up, checking bins and so forth. A dryer labor factor (DLF) 
representing the ratio of labor time necessary for operating the 
dryer to its total operating time was specified exogenously. There­
fore, for each hour of labor time a portion (DLF) was spent checking 
the dryer and the remainder (1-DLF) was spent hauling and unloading. 
Total labor time per acre for the second man was therefore estimated 
by: 
C. + 2C 
" 1-DLF (3.5) 
where 
= hours per acre for hauling 
= capacity of the auger in hours per acre 
a 
MH = total laDor xime per acre ror nàunhg, UniOaainy 
and checking the dryer 
DLF = dryer labor time divided by dryer operating time 
In situations where the dryer could be operated fewer hours per 
day than the combine and still keep up, the labor time needed to 
check the dryer during combining hours was reduced proportionately. 
It was assumed that the dryer could operate more hours per day than 
the combine if necessary, but that dryer labor requirements during 
these "extra" hours did not affect the rate of harvesting during 
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combining. A limit was placed on the number of hours per day the 
combine could operate, to reflect conditions of moisture, frost, 
daylight and so forth. 
An overall constraint for fall labor hours per day was speci­
fied, also. Labor hours not used for harvesting operations were 
available for fall tillage on acres already harvested. When har­
vesting was completed all labor hours were devoted to fall tillage. 
In years in which fall tillage could not be completed before 
December 1, it was assumed that the number of hours per day spent on 
harvesting in the weeks prior to this date was reduced to allow 
more fall tillage to be completed. Since harvesting can proceed 
after the ground is frozen while fall tillage cannot, a farmer might 
give priority to tillage operations late in the fall in order to 
reduce the chance of planting delays in the spring, despite the fact 
that corn harvesting losses would increase slightly. Acres of fall 
tillags not completed by December 1 were added to the acres of 
tillage to be completed in the spring. 
Spring field operations 
Spring tillage work was assumed to begin on March 29, the 
earliest date for which records of suitable field days were kept. 
For most years very few suitable days were recorded before mid-
April (Appendix B). 
Unfinished fall tillage plus spring tillage was carried cut 
until completed or until the date for beginning corn planting was 
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reached. If corn tillage was completed before this date, tillage for 
soybean acres was begun. If not, the remaining tillage and corn 
planting were carried out simultaneously (see Figure 3.3.). After 
completion of corn planting, remaining tillage for soybeans was done 
until the beginning date for planting soybeans was reached, after 
which soybean planting and any unfinished tillage were completed 
simultaneously. Dates of completion of weed control activities were 
not simulated, although costs of weed control machinery operations 
were included in total machinery costs. 
A constraint was placed on the number of hours during which 
spring field work could be completed for each suitable field day. 
This could represent one person's labor or two or more people working 
simultaneously or in tandem. Each machinery set included one large 
and one small tractor so two field operations could take place 
simultaneously. A separate constraint was placed on the number of 
hours per day the planter could operate* since planting is generally 
done during daylight hours. 
Estimation of Yield Losses 
Actual yields harvested by individual farmers vary tremendously 
among farms and from year to year, depending on such factors as 
rainfalli temperature, subsoil moisture, planting and fertilization 
rates, seed varieties and so forth. By using a mathematical model 
to simulate production, those variables unrelated to machinery capac­
ity were held constant so that differences in estimated yields could 
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be attributed solely to machinery related factors. The difference 
between estimated yield and maximum possible yield was then used to 
calculate the timeliness cost. 
Agronomic research has shown that corn and soybean yields vary 
according to the date of planting and harvesting, as does the moisture 
content of the grain at harvest. Figure 3.4 shows typical yield 
responses to date of planting for the state of Iowa as first esti­
mated by Winterboer (18, 42) from experimental data from several 
sites around the state, as well as data from a survey of Extension 
Service and commercial seed company personnel. Recent revisions were 
made by Dr. Garren Benson, Iowa State University Extension Agronomist. 
To provide a continuous function, the following quadratic regression 
equation was estimated for percent yield reduction as a function of 
planting date: 
YL = .0193 + .0986 D r^ = .99 (3.5) 
where 
YL = percent yield loss 
D = number of days after April 29 for corn and number 
of days after May 9 for soybeans, with D - 0 if 
planting occurs before these dates 
To estimate the average yield loss for corn or soybean acres 
planted over a period of more than one day, the integral of equation 
3,5 can be evaluated over the range from the beginning to the 
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ending planting date and divided by the length of the planting period 
in days. This produces the following equation: 
PC or PS = (dg: . d/) + .0493 (d,? - d/) ,3 5, 
where 
PC or PS = average planting yield loss for corn or 
soybeans, respectively 
dg = days after April 29 (corn) or May 9 (soy­
beans) on which planting was finished 
d^ = days after April 29 (corn) or May 9 (soy­
beans on which planting began 
All acres not planted by July 4 were assumed to have a 100 percent 
yield loss. 
Figure 3.5 shows the estimated moisture content at harvest for 
corn as a function of the planting date and the harvesting date 
based on data used in the CROP-OPT program (18) (Appendix C). This 
relationship was used to estimate the amount of moisture to be 
removed from the harvested corn each day, which in turn affected 
the speed and cost of drying. Corn moisture level was significantly 
affected by both planting and harvesting date, at a confidence 
level of .01. Harvesting date had the greatest effect. 
Figure 3.6 shows estimates of corn harvesting yield losses 
as a function of the date of planting and the date of harvest, also 
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as used in the CROP-OPT program. Harvest yield losses were also 
significantly affected by both planting and harvesting date, at a 
confidence level of .01. Tabular values are shown in Appendix C. 
Regression techniques were used to estimate prediction equations for 
harvesting losses and corn moisture level from the data in Appendix 
C. Results were as follows: 
CPM = (7.3 + .2 D) e^'lGG " -OOIS D) x (7 - .1 HC) (3,7) 
r^ = .99 
PENCH = (.306 HC - .167 D - 1.01)"665 ^2 ^ (3.8) 
where 
CPM = percent moisture level of corn, CPM ^ 18.0 
D = date of planting, days after April 29 
HC = date of harvesting corn, days after October 1 
PENCH = percent yield loss from corn harvesting 
HI = beginning date of corn harvest, days after October 1 
H2 = ending date of corn harvest, days after October 1 
Figure 3.7 shows estimated yield losses for soybeans as a 
function of planting date and harvesting date, both of which signi­
ficantly affect soybean harvest losses at a confidence level of .01. 
The prediction equation for this data was estimated to be the 
following: 
PENSH = 1.25 HS - .0125 (HS x D) - 20 r^ = .98 (3.9) 
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where 
PENSH = percent yield loss from soybean harvesting 
HS = date of soybean harvesting, days after October 1 
D = date of soybean planting, days after April 29 
As harvesting of soybeans is delayed into the fall, yield losses 
are greater due to increased field losses and lower moisture content 
of the grain. However, soybeans planted later in the spring, once 
they have reached maturity, incur a smaller yield penalty on the 
same harvesting date than soybeans planted at an earlier date. 
Average harvest yield penalties for corn and soybeans were 
found by estimating the integral values of equations 3.8 and 3.9 from 
the beginning to the ending dates of harvest and dividing by the 
number of calendar days needed for harvesting. 
Cost Relationships 
Some machinery costs occur primarily as a result of ownership, 
while others vary according to the degree to which the machine is 
used. As indicated earlier, ownership or fixed costs include the 
annual cost of the original investment (depreciation and interest), 
insurance, property taxes and machinery housing, while operating or 
variable costs include fuel, oil, lubrication, repairs, maintenance 
and labor. 
Some of these costs represent a fairly constant cash outflow 
over time; others do not-. Of course- the largest cash outflow 
occurs when the machine is purchased, at the beginning of its useful 
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life. Property tax and insurance payments occur once or twice a 
year, but decline as the machine declines in value. On the other 
hand, repair and maintenance expenses tend to increase with the age 
of the machine (3). Savings in income tax payments from machinery 
expenses do not occur evenly over the life of the machine either. 
Investment tax credits are generally received in the year of purchase. 
If the additional first year depreciation option is chosen and the 
declining balance or sum-of-the-years digits method of calculating 
depreciation is used, then the bulk of the depreciation expense is 
deducted during the first few years of ownership. 
Because of these differences in the time of occurrence of 
some machinery costs, it was decided to use a present value approach 
to estimate the annual total costs associated with each machinery 
complement. Each cost component was estimated for each year of each 
machine's anticipated life. These were then discounted to calculate 
a present value which was then amortized as an ordinary annuity over 
the life of the machine to give an annual equivalent cost (31). 
The annual equivalent costs were then summed over all machines in 
the complement. Income tax savings were calculated in the same 
manner except that deductible expenses were summed over all machines 
and taxes calculated before tax savings were discounted. 
Fixed costs 
Initial investment It was assumed that each machine could 
be purchased at approximately its current list price. While many 
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dealers discount the actual selling price of machinery somewhat from 
the list price, much of this discount is offset by sales tax, trans­
portation charges and dealer preparation fees. Net purchase price 
or initial cash outflow for each machine was calculated as ninety 
percent of list price, to allow for the ten percent investment tax 
credit available for purchase of machinery having an expected life 
of at least seven years. To convert this initial investment to an 
annual equivalent cost required dividing by the appropriate capital 
recovery factor, as shown below (31): 
AC = ^ (3.10) 
where 
AC = annual equivalent cost 
ICF = initial cash outflow 
CRF = capital recover factor ^ — 
i = interest rate in percent per year 
L = years of ownership 
Taxes, insurance and housing Costs for property taxes, 
casualty insurance on machinery, and housing and maintenance facili­
ties were estimated to be equal to 2.8 percent of the current 
market value of each machine (3). These costs were estimated for 
each year of ownership, discounted and summed to find their net 
present value. The current market value of each machine in each 
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year of ownership was estimated from equations published by the 
A.S.A.E. and utilized by Kletke (20), Ayres and Boehlje (3), and 
others. Thus, the equation used to calculate each machine's yearly 
tax, insurance and housing cost was as follows: 
where 
TIH^ = cost for taxes, insurance and housing in year n, 
LP = list price of the machine 
RFVl = remaining farm value factor one 
RFV2 = remaining farm value factor two 
n = year of life under consideration 
Appendix A contains values assumed for list prices and the remaining 
farm value factors. The net present value was calculated and con­
verted to an annual equivalent value by dividing by the capital 
recovery factor, as follows: 
TIH^ = .028 X LP X RFVl x RFV2 ,n (3.11) 
(3.12) 
where 
TIH = annual equivalent cost of taxes, insurance and 
housing for a machine 
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Variable costs 
Fuel and lubrication Fuel consumption by tractors, self-
propelled combines and grain dryers was assumed to vary directly 
with the number of hours which they were used (1, 3). The following 
equation was used: 
F = f^ X HP X FL^ X 1.15 (3.13) 
where 
F = fuel and lubrication cost per hour of operation 
F^ = fuel consumption factor, in gallons per horsepower-
hours, or gallons per bushel per ten points of moisture 
removed for grain dryers 
HP = maximum p.t.o. horsepower for tractors and combines 
or bushels of grain from which ten percentage points 
of moisture can be removed per hour for grain dryers 
FLm = price of fuel per gallon, net of taxes 
m = 1, 2, 3 for gasoline, diesel or LP gas, respectively 
Fuel consumption factors were .06, .044 and .167 (1, 3), for 
gasoline, diesel and LP gas, respectively. Lubrication cost was 
estimated as 15 percent of fuel cost (1, 3). Since fuel and lubri­
cation costs were assumed to be constant over the life of the machine, 
it was not necessary to discount them. 
Repairs Repair costs were assumed to be an increasing 
function of the accumulated hours of use of each machine, and a 
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constant function of its list price. The following equations were 
used to calculate each year's repair costs: 
REPy = LP X RCl X RC2 x (3.14) 
XL = y X 100 (3.15) 
REP. = REP^ - REP^ , (3.16) 
n y y-i 
where 
REPy = accumulated repair cost after ^ years 
RCl = repair cost factor one 
RC2 = repair cost factor two 
RC3 = repair cost factor three 
XL = accumulated hours of use after y_years as a percent 
of total useful life in hours 
HL = total useful life in hours 
rEP^ = repair costs during year n_ 
Values assumed for the repair cost factors, list price, years of 
ownership and hours of total useful life can be found in Appendix 
A. Repair costs for each year were discounted and summed to 
find their present value, then divided by the capital recovery 
factor CRF, to calculate an annual equivalent cost, 
Labor A cost for labor was assumed. This could represent 
a cost of hired labor for operating machinery or an opportunity 
cost of the farm operator's own time. Labor time for all field 
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operations was assumed to exceed actual machine time by ten percent 
to allow for time spent on maintenance and repairs (3). Labor cost 
per year was calculated by the equation: 
LAB = HRA X 1.1 X WAGE x NA (3.17) 
where 
LAB = annual labor cost 
WAGE = labor charge per hour 
HEA = total machinery hours per acre 
NA = number of crop acres 
For grain dryers labor was estimated to be only a fraction of 
actual machine time; 25 percent for portable batch dryers and 20 
percent for batch-in-bin and continuous flow dryers (29, 32). 
Labor cost was also constant over the life of each machine, so the 
annual equivalent cost was simply the average annual cost. 
Machinery capacity The capacity of each machine as measured 
in hours needed to complete one acre was calculated in order to 
compute total labor cost per acre. Each field machine's capacity 
was estimated as follows (1, 4); 
S = W /s" FE 
where 
= capacity in hours per acre for the i-th machine 
73 
W = width of machine in feet 
S = normal operating speed in miles per hour 
FE = field efficiency, or actual accomplishment rate 
divided by the theoretical rate 
Values for field efficiency are normally less than unity due to 
slowing of machines for turns, time spent making adjustments or 
filling materials containers and overlapping. 
Capacities for several nonfield machines were also estimated. 
For grain dryers the following equation was used: 
= capacity of the grain dryer in hours per acre 
YC = corn yield in bushels per acre 
BH = capacity of dryer in bushels per hour per percent 
moisture removed 
CPM = beginning moisture level in percent 
FPM = final moisture level in percent 
C - YC d " BH X FE X (CPM - FPM) (3.19) 
where 
For grain augers the following equation was used: 
(3.20) 
where 
capacity of the auger in hours per acre 
BHA = capacity of the auger in bushels per hour 
74 
The hours per acre required for hauling grain from the field 
to the dryer varies directly with the distance which the grain must 
be hauled. For a square 640 acre farm such as pictured in Figure 
3.8, the longest possible round trip hauling distance from field to 
the location of drying and storage facilities would be from point 
a^ to point ^ and back, or four miles, assuming no diagonal roads. 
1 mile 
1 mile 
Figure 3.8. Estimation of hauling time for 640 acres 
The shortest possible distance would be zero miles if the field and 
the storage facilities were both located at point c_. Therefore, 
the average hauling distance for a 640 acre farm can be estimated at 
two miles. Since the length and width of a square farm varies 
directly with the square root of the area, the following equations 
were used to estimate the hours per acre necessary for hauling 
grain : 
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NA 
TRIP = 2 X 640 (3.21) 
(3.22) 
where 
= hauling capacity in hours per acre 
TRIP = average round trip in miles per trip 
NA = total acres of corn and soybeans 
S = speed in miles per hour 
FE = field efficiency 
CW = capacity of wagon in bushels per trip 
Timeliness costs 
The machinery related cost which is most difficult to estimate 
is that known as timeliness cost. It is not an actual cash outlay 
by the operator, but rather a loss of revenue due to achieving 
less than the maximum possible harvested yields. This is a result 
of performing field operations during nonoptimal time periods. For 
corn and soybeans these losses are mostly attributable to late 
planting in the spring, which prevents the crop from reaching 
physiological maturity, and late harvesting, which results in 
greater field losses due to sxcessivs dryness of the grain (29), 
Timeliness costs were estimated as follows: 
TPC = (PENC X YC X PC X AC) + (PENS x YS x PS x AS) (3.23) 
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where 
TPC = timeliness cost 
PENC = percent of maximum yield lost for corn 
PENS = percent of maximum yield lost for soybeans 
YC = maximum potential yield for corn in bushels per 
acre 
YS = maximum potential yield for soybeans in bushels 
per acre 
PC = price per bushel for corn 
PS = price per bushel for soybeans 
AC = crop acres planted to corn 
AS = crop acres planted to soybeans 
Income tax effects 
No cost analysis of an investment in capital assets such as 
farm machinery would be complete without some mention of the effects 
on income tax liability. Maximization of net family income after 
payment of income taxes is probably a more realistic goal of most 
farm families than is maximization of before-tax net farm income. 
It was assumed that all of the previously mentioned machinery 
costs reduced taxable income in the year they occurred with the 
exception of the initial investment. The initial purchase cost of 
the machine must be spread over its useful life, of course, by using 
one of several methods of calculating annual depreciation expense 
which are accpeted by the Internal Revenue Service (31). Many 
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farmers try to depreciate machinery as quickly as possible in 
order to reduce current income taxes while increasing tax payments in 
later years. However, no benefit would be derived from deducting 
machinery costs in excess of the level necessary to offset all taxable 
income remaining after all nonmachinery costs have been deducted. 
It was assumed, therefore, that all machinery was depreciated 
as rapidly as possible with the total amount of machinery cost de­
ducted in any one year not to exceed remaining taxable farm income, 
and depreciation not to exceed the amount allowable utilizing the 
declining balance method and the additional first year depreciation 
option. 
Investment credit was considered by subtracting ten percent from 
the list price of each machine to estimate its net purchase price. 
All machines were assumed to be owned for a period of time equal to 
seven years or more. This was long enough to avoid any recapture 
of investment credit. However, recaptured depreciation was calcu­
lated and added to taxable income for the final year of each machine's 
life. 
An interest charge on the original investment cost of each 
machine was also deducted from taxable income. This could represent 
either a cash interest charge on borrowed funds, or income foregone 
by not having equity capital invested elsewhere, either within or 
outside the farm business (opportunity cost). The net effect on 
taxable income is the same in either case. The deductible interest 
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expense for each year was calculated as the portion of the annual 
equivalent cost of the initial investment (equation 3.10) not repre­
sented by recovery of the original cash outlay (or principal), 
as shown by the following equation (27, p. 169): 
= A X 1 - (1 + i)(" - L - 1) (3.24) 
where 
= interest charge in year n^ of ownership 
A = annual equivalent cost of machinery investment 
i = annual interest rate 
L = life of machine in years 
Deductible expenses for property taxes, insurance and housing 
in each year were calculated as shown in equation 3.11, and deductible 
repair expenses were calculated by equations 3.14, 3.15 and 3.16. 
Fuel costs were estimated by equation 3.13 and were assumed to be 
constant over all years of ownership. 
Labor cost was also assumed to decrease taxable income. This 
could represent the deductible cost of hired labor, or income foregone 
by not utilizing the labor time associated with machinery use in 
some other income generating activity. In either case, the net 
effect on taxable income is the same assuming the same hourly 
charge. Timeliness costs also reduce taxable income by reducing 
gross receipts. 
The net effect of all machinery costs on income tax liability 
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was calculated by subtracting the estimated federal income, Iowa 
income and self-employment taxes due with all machinery costs de­
ducted, from the total taxes due with no machinery costs deducted. 
This was done for each year of machinery ownership. Taxable income 
before deducting machinery costs was estimated by: 
TI = AC X (YC X PC -72) + AS x (YS x PS -41) 
- (50 X NA) (3.25) 
where 
TI = taxable income 
NA = total acres of corn and soybeans 
The figures of $72 and $41 represent estimates of nonmachinery deduct­
ible costs for growing corn and soybeans, respectively (34). The 
$50 charge represents an interest cost plus property taxes for a 
landowner with partial equity in his land, or a rental charge to a 
nonowner. It was estimated from unpubllshsd farm record data of the 
Iowa Farm Business Associations. Taxable income from sources other 
than corn and soybean production was assumed to be offset by personal 
deductions, exemptions and credits. 
Income tax due was then estimated by the following equations: 
T^ = .003764 TTl'414 = .96 (3.26) 
Tg = .0004774 (TI - r^ = .97 (3.27) 
Tg = .079 SEI (3.28) 
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TAX = Ti + T, + T, (3.29) 
where 
T^ = federal income tax due 
Tg = state (Iowa) income tax due 
T^ = self-employment tax due 
TI = taxable income 
SET = taxable income up to a maximum of $16,500 
TAX = total income tax due 
Equations 3.26 and 3.27 were estimated by the use of regression 
techniques on 1977 federal income tax tables for joint returns 
(39, p. 43) and the 1977 Iowa income tax rate table (17), respec­
tively. Tax due was assumed to be zero when taxable income was 
equal to or less than zero. Each year's tax saving was then dis­
counted, and the results summed to obtain the present value of 
income tax savings, as follows: 
L 
PVTS = z (TAXl^ - TAX2^) V (1 + i)" (3.30) 
n = 1 
where 
PVTS = present value of tax savings 
TAX1_ = total tax due in year £ without deducting 
machinery costs 
TAX2,_ = total tax due in year n^ if machinery costs are h 
deducted 
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Annual equivalent tax savings TAXSAV were then found by dividing PVTS 
by CRF, the capital recovery factor. 
The annual equivalent values of all costs which are not constant 
for each year were then added to the annual values of those costs 
which were assumed to be constant over time (fuel, lubrication, labor 
and timeliness). From this the annual income tax saving was sub­
tracted, and the result was divided by the number of crop acres to 
calculate an annual equivalent after-tax total cost per acre for a 
given machinery complement, as shown by the following equation: 
TCA = (AC + TIH + F + REP + LAB + TPC - TAXSAV) f NA (3.31) 
From the set of total cost per acre values estimated for each year's 
weather assumptions a mean and standard deviation were calculated. 
These describe the probability distribution of total costs for each 
machinery set, which is the basis for determining the optimum 
machinery complement. 
Summary of Methodology 
The methodology described in this chapter was used to estimate 
machinery costs under a variety of conditions faced by Iowa farmers. 
No doubt many of the assumptions could be argued. In other cases 
mors complete data would be desirable. Nevertheless, every attempt 
was made to specify the relevant relationships realistically and to 
choose values for the parameters which accurately describe the 
decision environment of the producer. Verification was done 
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wherever possible with available data and the combined experience of 
the author and a number of his colleagues. 
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CHAPTER IV. SELECTING THE LEAST-COST MACHINERY SET 
In this chapter, minimization of the total of all machinery-re­
lated costs will be considered as the only objective in selecting 
among alternative machinery sets. In the following chapter, the 
analysis will be extended to include year-to-year variability of 
total costs as a consideration, as well. 
In the previous chapter an initial set of assumptions was de­
fined, including values for key parameters intended to reflect the 
physical and economic conditions under which a typical Iowa grain 
farmer must make machinery selection decisions. The differences among 
total costs for the ten representative machinery sets under these 
assumptions will be discussed, as well as the effect changes in 
machinery size have on each component of total machinery costs. The 
changes in the various machinery cost components as the number of 
crop acres is increased will also be analyzed. 
Several of the key parameter values will be varied, one at a 
time, to measure their effect on the size of the machinery set which 
minimizes total costs and on the total machinery costs for each set. 
The parameters to be varied and discussed are the division of total 
crop acres between corn and soybeans, expected gross revenue per 
acre from crops, labor and field hours available per day and location 
within the state of Iowa. 
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Initial Assumptions 
The initial set of assumptions or parameter values for which the 
ten machinery sets were evaluated is shown In Table 3.2. Each of 
the ten machinery sets was tested at ten levels of total crop acres, 
ranging from 100 to 1,000, and for twenty sets of suitable field 
days representing each year from 1958 through 1977. Table 4.1 shows 
the average annual total cost, including timeliness costs, over the 
twenty-year period for each combination of machinery and crop acres. 
In some cases several different sets had nearly the same total 
costs. For all levels of crop acres the lowest estimated total cost 
per acre was tested against the estimated costs for each of the 
other machinery sets to determine whether or not the difference in 
total costs was statistically significant. The null hypothesis tested 
was that the average total cost for each machinery set was equal to 
the lowest average total cost for all of the ten sets tested. A 
t-statistic for deviations between paired observations was calculated 
according to the following procedure (25, p. 93): 
t = ÏÏ 
S 
ÏÏ 
1 " 
^ Z D. 
= " 1=1 ^ 
n 
(4.1) 
z ID. - D)-
=1 
\l 
1 
n (n-1) 
85 
where 
t = a measure of the deviation of one sample mean from 
another 
= difference in total cost per acre between two sets in 
the i-th year 
D = mean difference over 20 years 
S = standard deviation of ÏÏ 
D 
n = 20 (years of weather) 
In Table 4.1 the least cost machinery set and the other sets 
for which the null hypothesis was accepted at the .05 level of 
confidence are indicated by an asterisk. 
The ten machinery sets are listed in order from smallest to 
largest, according to the number of hours required to perform all 
field operations on each acre. The smallest machinery set (four-
row small) had the lowest average total cost from 100 to 400 acres 
and the largest set tested (twelve-row extra large) was the least-
cost set at 1,000 acres. If machinery sets smaller than the four-
row small (4S)1 or larger than the twelve-row extra large (12X) had 
been tested, it is possible that these sets could have been least-
cost at the extremes of the range of crop acres. At 500 acres the 
four-row medium (4M) set had the lowest average cost, and at 600 
For brevity machinery sets will be identified according to the 
designations shown 1n Tablé 3.9, where 4, 6, 8 or 12 refers to the 
row size of the planter and S, M, L or X refers to the small, medium, 
large, or extra large tillage machines, respectively. 
Table 4.1. Average total machinery costs per acre under the initial assumptions ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 213.52* 102.87* 68.57* 50.92* 43.77 42.48 56.85 76.69 91.15 103.58 
Four-row medium 224.93 106.66 70.98 51.57 42.91* 39.90 46.05 64.66 76.00 86.66 
Six-row small 254.70 118.45 77.56 55.59 44.43 38.10 33.57 33.35 36.50 41.77 
Six-row medium 271.35 123.29 80.36 58.16 44.25 37.30 32.32 29.82 28.99 30.52 
Six-row large 277.88 125.12 81.13 58.01 44.08 36.67* 31.35* 27.80* 26.11 25.55 
Eight-row 
medium 310.12 138.01 87.31 62.01 47.10 38.66 32.74 28.19 24.54 21.66 
Eight-row 
1 arge 315.47 139.81 87.98 61.87 46.74 38.01 31.93* 26.88 23.09 20.05 
Eight-row 
extra large 324.49 143.38 90.27 63.13 47.37 37.84 31.75* 26.55* 22.52* 19.43 
Twelve-row 
large 362.22 161.09 98.94 68.43 51.72 39.70 32.63 27.34 22.69 19.03 
Twelve-row 
extra large 370.18 164.96 100.54 69.61 51.73 39.80 32.41 27.13 22.43* 18.59* 
•Least-cost at .05 level of confidence. 
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acres the six-row large (6L) set was the least-cost set. 
For acreage levels 700 through 900 more than one machinery set 
was accepted as least-cost, meaning that the higher fixed costs of 
the larger set were just offset by the higher labor and timeliness 
costs of the smaller optimal sets. At 700 acres the six-row large 
(6L), the eight-row large (8L) and the eight-row extra large (8X) 
sets were all least-cost. The lowest cost sets at 800 acres were 
the 6L and 8X, and at 900 acres the 8X and 12X sets minimized total 
machinery costs. 
It should be noted that at the 800 acre level the eight-row 
large (8L) set had a mean cost which was closer to the mean cost of 
the least-cost set, the eight-row extra large (8X), than was the mean 
cost of the six-row large (6L) set. However, the 8L costs were con­
sistently higher than the 8X costs in each year, while the 6L costs 
were higher in some years and lower in others. Therefore, the hypoth­
esis that the 8L costs were higher than the 8X costs could be accepted 
but the same hypothesis for the 6L costs was rejected. That is, small 
differences in average costs between some sets were significant, 
while larger differences between other pairs of machinery sets were 
not significant. 
Table 4.2 illustrates the cost of not choosing the least-cost 
machinery set, that is, the difference in total cost per acre for 
each machinery set and the least-cost set at that level of crop acres. 
For very small and very large acreages the potential penalty was 
Table 4.2. Difference in average total machinery costs per acre between the least-cost machinery 
set and other machinery sets, under the initial assumptions ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small .00 .00 .00 .00 .86 5.81 25.50 50.14 68.72 84.99 
Four-row medium 11.41 3.79 2.41 .65 .00 3.23 14.70 38.11 53.57 68.07 
Six-row small 41.18 15.58 8.99 4.67 1.52 1.43 2.22 6.80 14.07 23.18 
Six-row mediiyim 57.83 20.42 11.79 7,24 1.35 .63 .97 3.27 6.56 11.93 
Six-row large 64.36 22.25 12.56 7,09 1.12 .00 .00 1.25* 3.68 6.96 
Eight-row 
medii um 96.60 35.14 18.74 11.09 4.19 1.99 1.39 1.64 2.11 3.07 
Eight-row 
large 102.95 36.94 19.41 10.95 3.83 1.34 .58* .33 .66 1.46 
Eight-row 
extra large 110.97 40.51 21.70 12,21 4.46 1.17 .40* .00 .09* .84 
Twelve-row 
large 148.70 58.22 30.37 17.51 8.81 3.03 1.28 .79 .26 .44 
Twelve-row 
extra-large 156.66 62.09 31.97 18,69 8.82 3.13 1.06 .58 .00 .00 
^Difference not significant at .05 level of confidence. 
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high. On the other hand, at 600 acres, for example, even choosing the 
most costly of the machinery sets tested would result in an expected 
increase of only $5.81 per acre over the least costly set. 
In situations where the expected total costs for each of the 
various machinery sets does not differ greatly, the expected variabil­
ity of these costs becomes a more important factor in the decision 
about which set is preferred. In general, at each level of crop acres 
the variability of total machinery costs decreased as machinery size 
increased. A more complete discussion of selection criteria which 
include variability of costs will be found in the next chapter. 
All the machinery sets tested had declining average total 
costs per acre as total product (acres) increased, due mostly to 
diminishing average fixed costs. Cost reductions were especially 
dramatic at the lower acreage levels. The four smallest machinery 
sets also exhibited increasing average total costs at the higher 
acreages, as increasing timliness costs per acre more than offset 
declining fixed costs per acre, although even the two four-row sets 
did not reach their minimum average cost until 600 acres. If the 
analysis had been extended beyond 1,000 acres, average total costs 
for the larger machinery sets would also have eventually begun to 
rise. 
Verification of Cost Estimates 
Machinery costs are one of the most difficult costs to isolate 
from a typical set of farm business records. Depreciation figures 
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often include livestock equipment and buildings as well as machinery. 
The same is true of property taxes and insurance costs. Interest is 
not recorded unless it is a cash item, and even then the portion 
attributable to machinery investment may not be separated from that 
due to other loans. Fuel and repair costs are easier to identify, 
but these too, may include livestock items. The value of labor 
supplied by the operator is usually not found in the accounting 
records. Timeliness costs and tax savings are indirect items which 
are not identified in farm records either. 
Nevertheless, some machinery cost comparisons can be made using 
farm records. Table 4.3 shows average cost figures from 1977 record 
summaries of Iowa farm business association members. These figures 
were obtained from a sample of farms classified as cash grain farms, 
that is, less than five percent of the value of all crops raised was 
fed to livestock on the farm. This practically eliminates the cost 
of any livestock items from the records. 
Depreciation and investment figures included in the record data 
were based on the original purchase value of the machinery, as re­
quired for income tax filing. However, increases in farm machinery 
prices in recent years have made the real value of these items con­
siderably greater. Many types of machinery have had price increases 
of 50 to 100 percent in the past three to five years (10). To 
adjust for these differences between record summaries and cost 
estimates based on current values, depreciation and investment costs 
from the farm record summaries were increased by 75 percent. Interest, 
91 
taxes, insurance and housing costs were estimated at 16 percent of 
the adjusted current machinery investment (3) and were added to the 
adjusted depreciation figures to obtain an estimate of total fixed 
costs comparable in nature to the fixed costs estimated by the simu­
lation program. 
Table 4.4 shows machinery cost estimates for the machinery 
sets determined to be least-cost at the indicated acreage levels 
under the initial assumptions. The fixed cost estimates, which com­
prised the largest component of total machinery costs, were roughly 
the same as those estimated from farm record data. At 300 acres the 
estimated cost from the farm records was $11.51 higher (17 percent) 
than the average cost from the simulation model. At 400 acres it 
was $6.64 (10 percent) lower and at 500 acres it was $12.99 (23 
percent) lower. 
Fuel and lubrication costs as estimated from farm records were 
only 60 to 70 percent as high as those estimated by the simulation 
program. However, fuel for drying corn generally accounts for over 
half of fuel and lubrication costs. The farms from which records 
were obtained harvested an average of 95 bushels per acre compared to 
the 115 bushels per acre assumed in the program, and thus presumably 
had lower fuel costs for drying. 
On the other hand, repair costs per acre as estimated from the 
farm record data were nearly twice as high as those estimated by the 
simulation program. Part of the difference may be explained by the 
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Table 4.3. Selected machinery cost items from records of Iowa crop 
producers in 1977® 
Cost item 
Fuel and lubrication cost 
per acre 
Repair cost per acre 
Total fuel, lubrication, repair 
Depreciation cost per acre 
Machinery investment per acre 
Adjusted fixed costs per acre^ 
Number of crop acres 
260-359 360-499 500 and over 
$6.43 $6.17 $6.01 
9.21 8.44 8.10 
$15.64 $14.61 $14.11 
23.72 23.51 19.41 
91.99 88.81 82.56 
67.27 66.01 57.09 
^Source: unpublished data obtained from farm record summaries 
of Iowa farm business association members. 
^Depreciation, interest, taxes, insurance and housing costs, 
adjusted for current machinery values. 
Table 4.4. Selected machinery cost items as estimated by the machinery 
cost simulation program 
Number of crop acres 
Cost item 300* 400^ 700^ 
Fuel and lubrication cost 
per acre $10.97 $10.42 $8.98 
Repair cost per acre 3.89 4.76 5.23 
Total fuel, lubrication, repair $14.86 $15.18 $14.21 
Fixed costs per acre 78.78 59.37 44.10 
^Four-row small set. 
^Four-row small set. 
"Six-row large set. 
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fact that repair costs were assumed to increase with the life of the 
machine and were discounted to a present value and sumned, then con­
verted to an annual equivalent cost. This would produce a lower 
estimate than a simple mean value in current dollars, as indicated 
by the record data. Nevertheless, the difference is great enough to 
raise a question as to the accuracy of the repair cost equations for 
current conditions. When repair and fuel and lubrication costs were 
summed, however, their total was not greatly different for the simula­
tion analysis compared to farm record data. The difference was less 
than a dollar per acre in each case. 
Differences in methods of calculation, increases in the real 
value of machinery and aggregation of some costs for accounting 
purposes makes comparisons of actual machinery cost data with cost 
estimates difficult. For those items which could be compared, however, 
differences were not considered great enough to invalidate the 
results of the simulation program. 
Cost Components for Constant Acreage and Variable Machinery Size 
Total machinery costs are comprised of several components which 
are affected in different ways by changes in the size of machinery 
used or in the number of acres farmed. Table 4.5 shows the individual 
cost components of four of the ten machinery sets tested under the 
initial set of assumptions, with 600 crop acres. These four sets 
encompass the full range of machinery sizes tested, and at 600 
acres total costs first diminished, then increased as machinery size 
Table 4.5. Cost components per acre for four machinery sets under the initial set of 
assumptions and for 600 crop acres ($) 
Cost 
Four-row 
small 
Six-row 
medium 
Eight-row 
large 
Twelve-row 
extra large 
Fuel and lubrication $ 9.32 $ 9.36 $ 8.50 $ 8.72 
Repairs 6.38 4.86 3.90 3.02 
Total operating $15.70 $14.22 $12.40 $11.74 
Labor $ 9.35 $ 6.90 $ 5.32 $ 4.52 
Fixed costs 39.94 50.15 58.14 67.23 
Timeliness cost 30.86 12.04 8.35 6.28 
Total pre-tax costs $95.85 $83.31 $84.21 $89.77 
- Tax saving 53.37 46.01 46.20 49.97 
Total costs $42.48 $37.30 $38.01 $39.80 
Standard deviation 9.54 2.26 1.42 1.10 
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increased. 
Fuel and lubrication costs per acre showed only a slight decline 
as machinery size increased. From the smallest to the largest set the 
change was only $.50 per acre, or 5 percent. Although the larger 
machinery consumed more fuel per hour, this was essentially offset 
by completing more acres per hour, or drying more bushels per hour, 
so that fuel consumed per acre or per bushel was nearly constant. 
Repairs decreased by more than 50 percent as machinery size in­
creased, mainly because the larger machinery was used fewer hours 
per year and did not wear out as quickly. Repair costs were assumed 
to be an increasing function of the accumulated hours of use for 
each machine. Total operating costs, the sum of fuel, lubrication 
and repair costs, declined by $3.96 per acre, or 25 percent, as 
machinery size increased. 
Labor costs also decreased as the size of the machinery set 
increased. The twelve-row extra large set required less than half 
as much labor as the four-row small set, resulting in a labor cost 
of $4.52 per acre compared to $9.35 per acre for the smallest set. 
With larger machinery, field operations were completed on all acres 
in fewer total hours. 
On the other hand, fixed costs per acre showed a significant 
increase as machinery size increased, from $39.34 for the four-row 
set to $67.23 for the twelve-row set. Fixed costs are directly pro­
portional to the list price of each machine, and the larger the machine 
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the higher the list price. However, once a machine is purchased the 
level of fixed costs is determined, with little or no variability. 
Timeliness costs, however, are extremely variable, depending en 
the number of suitable field days available each year. The twenty-
year average timeliness cost was considerably higher for the smallest 
machinery set ($30.86 per acre) than for the largest set ($6.28 per 
acre). Larger machinery allowed planting and harvesting to be com­
pleted at an earlier date, with less yield loss. 
Income tax savings increased or decreased in proportion to total 
pre-tax costs. In this particular case net costs were reduced 56 
percent by subtracting income tax savings resulting from machinery 
costs from the total pre-tax costs for each set of machinery. This 
means that tax savings did not change the rank order of the machinery 
sets, but made the differences in total costs among the sets smaller. 
Discounting tax savings to a present value increased their relative 
importance, since they were highest in the early years of each 
machine's useful life. 
Total machinery costs per acre after income tax savings were 
deducted declined as machinery size was increased from the four-row 
to the six-row, then increased for the eight-row set and the twelve-
row set. However, total costs for all four sets varied by less than 
$5.00 per acre at the 600 acre level. The four-row machinery set 
had a very large standard deviation for total costs, due to the 
high variability of the timeliness costs. As machinery size increased 
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variability of costs decreased. 
At other acreage levels and for other sets of assumptions, the 
individual machinery cost components changed with machinery size in 
a manner similar to that demonstrated for the 600 crop acres example. 
Total costs followed different patterns, however. At 100, 200, 300 
and 400 acres they increased continuously as the size of the machinery 
set increased. At 500, 600, 700 and 800 acres total costs decreased 
initially, then increased, and at 900 and 1,000 acres they decreased 
continuously from the smallest to the largest machinery set. However, 
if machinery sets larger or smaller than the ten tested had been 
included, it is likely that total costs would have decreased and then 
increased at each acreage level. The same is true under the other 
types of assumptions tested. In other words, for each producer it is 
possible to have a machinery set which is either too small or too 
large (for cost minimization) for his unique situation. The problem 
is to determine which machinery set produces the lowest possible 
total of fixed, operating, labor, and timeliness costs, minus income 
tax savings, given such factors as total crop acres, crop mix, 
expected yields and prices and amount of labor available. 
Cost Components for Constant Machinery Size and Variable Acreage 
The previous example showed how different types of machinery 
costs changed as machinery size was varied while total production 
(number of acres) was held constant. The same type of analysis can 
be done by holding machinery size constant and varying the number of 
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crop acres. 
Table 4.6 shows how cost components changed for a particular 
machinery set (four-row medium) as more crop acres were added. Fuel 
and lubrication costs per acre declined $5.52 or 44 percent as 
acreage increased from 100 to 1,000, primarily because corn yields 
declined (due to lack of timeliness) and less fuel per acre was used 
for drying. Repairs costs increased from $1.83 to $9.25 per acre 
because more acres meant more hours of use per year and faster wear-
out of machinery. One change partially offset the other so that total 
operating costs were nearly constant from 100 to 1,000 acres, showing 
an increase of only 13 percent. 
Labor cost per acre was nearly constant, too. Small reductions 
in labor hours needed for drying were offset by increases in hauling 
time associated with more crop acres. 
Fixed costs per acre declined rapidly with acreage increases as 
total fixed costs were spread over more and more acres; cost declined 
from $245.55 at 100 acres to only $25.50 at 1,000 acres. Total 
fixed costs (not per acre) for this machinery set increased slightly 
as the machinery was used over more acres due to a slightly faster 
rate of actual (not tax) depreciation caused by more hours of annual 
use and a lower trade-in value at the end of its life. 
Timeliness costs Increased significantly as completion of 
planting and harvesting was delayed by using the same size of machinery 
over more acres. They rose from only $1.76 per acre at 100 acres to 
Table 4.6. Cost components per acre for the four-row medium machinery set under the initial 
set of assumptions ($) 
Fuel „ 
lubrication 
Repai rs 
Total operating 
Labor 
Timeliness cost 
Fixed costs 
Total pre-tax 
costs 
- Tax savings 
Total costs 
Standard 
deviation 
Crop acres 
100 200 300 400 500 600 700 800 900 1000 
12.50 11.96 
1.83 2.92 
14.33 14.88 
8.82 8.89 
1.76 3.92 
245.55 123.43 
270.46 151.11 
45.53 44.45 
224.93 106.66 
.57 1.22 
11.11 10.57 
3.86 4.73 
14.97 15.30 
8.88 8.90 
6.51 9.65 
82.70 62.32 
113.06 96.17 
42.08 44.60 
70.98 51.57 
1.72 3.04 
10.02 9.54 
5.55 6.34 
15.57 15.88 
8.91 8.92 
14.42 24.34 
50.07 41.90 
88.98 91.03 
46.07 51.13 
42.91 39.90 
3.43 7.51 
8.91 8.22 
7.10 7.83 
16.01 16.05 
8.90 8.88 
48.70 85.01 
36.06 31.66 
109.66 141.61 
63.61 76.95 
46.05 64.66 
16.16 30.09 
7.52 6.98 
8.54 9.25 
16.06 16.23 
8.84 8.83 
108.62 128.45 
28.24 25.50 
161.76 179.02 
85.76 92.36 
76.00 86.66 
35.03 37.86 
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$128.45 per acre at 1,000 acres. 
Tax savings were proportional to pre-tax total costs. At 100 
and 200 acres deductible costs were high enough to more than offset 
all taxable income, so that tax savings were higher absolutely than 
at higher acreage levels, but lower relative to pre-tax costs. From 
300 to 1,000 acres tax savings rose faster than pre-tax costs because 
more acres meant more income and a higher marginal tax rate. 
The total of all costs after tax savings were deducted declined 
rapidly at the lower acreage assumptions, reached a minimum at 600 
acres, then increased as acres increased. Figure 4.1 shows these 
changes graphically. These cost curves match very well the classic 
curves shown in Figure 2.1. The timeliness costs correspond to the 
increasing average costs due to diminishing marginal returns. 
Total costs per acre for other machinery sets behaved in a 
similar fashion. Figure 4.2 shows these costs under the initial set 
of assumptions for the four-row small, the six-row medium, the 
eight-row large and the twelve-row extra large machinery sets. 
The four-row set was least cost up to 500 acres, while the six-
row set was least-cost from 500 to 700 acres. The eight-row set 
was least-cost only from approximately 700 to 800 acres. The average 
cost for the twelve-row set was still diminishing at 1,000 acres. 
The lower boundary of this set of short run average cost curves 
defines the long-run average cost curve for this set of assumptions. 
If the other machinery sets tested had been included on the graph 
$/acre 
Timelines 
Total 
Fixed 
Fuels, repair 
$-40 
$-120_ 
300 400 500 600 700 900 1000 800 
Acres 
Figure 4.1. Machinery cost components, four-row medium set, initial assumptions 
$/acre 
$100 , 12X 
LAC 
- -Long-run average cost curve 
1000 900 700 800 300 400 500 600 
Acres 
Figure 4,2. Total machinery costs per acre, initial assumptions 
103 
some of their short-run average cost curves would have made up por­
tions of the long-run average cost curve, creating a smoother and 
slightly lower curve. The long-run average cost curve as a whole 
represents the minimum possible total machinery cost per acre for 
each number of crop acres. Again, the long-run cost curve estimated 
by the model approaches very closely the form of the theoretical 
curve shown in Figure 2.2, although increasing long-run average 
costs were not evident under the range of values tested. 
Taking income tax effects into account by subtracting tax savings 
due to machinery costs from the total of pre-tax machinery costs made 
the average total cost curves longer and flatter for each machinery 
set. Figure 4.3 shows the average total cost curves for 4S, 6M, 
8L and 12X sets without subtracting tax savings. The 4S curve began 
to rise at 500 acres while the 6M and 8L curves reached their minimums 
at about 700 acres and 900 acres respectively. In each case this was 
at a smaller acreage level than in Figure 4.2. The long-run average 
cost curve was still declining at 1,000 acres, but less sharply than 
when tax savings were deducted. As more acres were farmed the in­
creasing marginal tax had a relatively larger effect on total 
machinery costs. Although subtracting tax savings did not affect 
which machinery set was least-cost at a particular level of acres, 
it did make the differences among sets smaller. 
Variability of total costs was also greatly affected by the 
number of acres over which a particular set of machinery was used. 
$/acre 
$140 
12X 
120 
100 
- -12X 
LAC 
- - Long-run average cost curve 
300 400 600 1000 700 900 800 
Acres 
Figure 4.3. Total pre-tax machinery costs per acre, initial assumptions 
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The bottom line of Table 4.6 shows that for the four-row medium set 
the standard deviation of the total cost per acre increased from only 
$.57 at 100 acres to $37.86 at 1,000 acres. As more acres were 
farmed with the same set of machinery the timeliness costs became 
increasingly larger in the years during which fewer than average 
suitable field days occurred, causing total machinery costs per 
acre to become increasingly variable from year to year. 
Proportion of Crop Land Devoted to Corn 
The original set of assumptions under which the machinery sets 
were tested specified that 61 percent of the crop acres were devoted 
to corn production and 39 percent to soybean production. These were 
the mean values indicated by the sample of farmers who participated 
in CROP-OPT workshops from 1976 to 1978. 
Certainly, not all farms have this same proportion of corn and 
soybeans, and not all farmers plant this proportion year after year. 
In the sample of farmers analyzed the smallest proportion of crop 
acres devoted to corn reported was fifty percent. Most farmers are 
reluctant to grow soybeans on the same land in consecutive years 
due to problems of insects, disease and erosion, so that rarely are 
more than half the crop acres on a particular farm planted to soybeans. 
On the other hand eight farmers reported that 100 percent of their 
crop land was planted to corn and none to soybeans. This is most 
likely to be true on farms with extensive livestock enterprises. 
Therefore, fifty and one hundred percent were chosen for the lower 
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and upper limits at which to test the sensitivity of the machinery 
selection decision to changes in the proportion of crop acres devoted 
to corn production. 
As shown in Figure 3.2 the penalties for late planting of corn 
begin to occur approximately ten days earlier in the spring than 
penalties for late planting of soybeans. In addition corn was assumed 
to require slightly more time per acre for tillage than soybeans. 
Therefore, as the proportion of acres in corn rises, the average 
timeliness costs due to late planting would be expected to rise, all 
else equal. 
Figure 3.4 shows that harvest losses for corn begin later and 
increase at a slower rate than harvesting losses for soybeans. This 
is offset somewhat by the fact that more time per acre is required for 
corn harvesting. Furthermore, late harvesting of corn leaves less 
time for fall tillage operations which in turn may delay spring 
planting even more. Therefore, it would be expected that increasing 
the proportion of crop acres devoted to corn would increase the size 
of machinery needed to minimize total machinery costs, particularly 
the size of the tillage machinery. 
Fifty percent corn 
Table 4.7 shows the estimated total machinery costs per acre 
with one-half of the crop acres planted to soybeans and one-half 
to corn for the ten machinery sets. The sets shown to be least-cost 
at each acreage level were similar to the least-cost sets under the 
Table 4.7. Average total machiner;/ costs per acre with 50 percent of total crop acres planted 
to corn ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 213.50* 102.90* 68.08* 50.37* 42.69 38.36* 41.80 59.87 72.69 84.16 
Four-row medium 224.90 106.15 70.41 50.88 42.04* 37.18* 36.56 47.65 57.74 67.46 
Six-row small 254.91 118.16 77.19 55.38 44.28 37.64 32.71 29.37 28.76 30.15 
Six-row medium 271.65 122.98 80.08 57.76 43.93 36.92 31.69 27.35 25.24 24.26 
Six-row large 278.20 124.93 30.63 57.52 43.61 36.14* 30.83* 26.72* 23.72* 21.83 
Eight-row 
medium 310.53 137.64 87.23 61.97 47.15 38.68 32.66 27.91 24.18 21.21 
Eight-row large 316.84 139.54 88.28 61.99 46.84 37.87 31.81 26.73 22.85 19.66 
Eight-row 
extra large 324.34 143.31 90.03 63.69 47.40 37.63 31.54 26.40* 22.30* 19.05 
Twelve-row 
large 362.59 161.56 98.96 68.51 51.51 39.59 32.52 27.24 22.72 19.02 
Twelve-row 
extra large 370.56 165.41 100.44 70.58 51.64 39.70 32.26 26.98 22.32* 18.52* 
*Least-cost at .05 level of confidence. 
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initial assumptions. Table 4.9 summarizes the least-cost sets at 
each level of acres. The 4S set was the least costly from 100 to 
400 acres and the 4M set minimized total machinery costs at 500 
acres. At 600 acres the 4S, 4M and 6L set were all least-cost, and 
at 700 acres the 6L set alone was least-cost. With 800 crop acres 
both the 6L and 8X sets were least-cost, and at 900 acres these two 
plus the 12X set were the least costly. For 1,000 acres the 12X set 
alone achieved the minimum possible total machinery costs. 
At seven of the ten acreage levels the least-cost machinery 
set(s) with 50 percent of the acres in corn were identical to those 
under the initial set of assumptions, while at 600, 700 and 900 
acres, reducing the proportion of corn acres caused slightly smaller 
sets to be least-cost. 
All corn 
Table 4.8 shows average total machinery costs per acre with all 
crop acres planted to corn. At 100, 200 and 300 acres the four-row 
small machinery set was least-cost, just as under the initial 
assumptions. However, at 400 acres the 4M and 6S sets were least-cost, 
and at 500 acres the 6L, 8M, 8L and 8X sets were all least-cost. 
From 600 to 1,000 acres the eight-row extra large set was the only 
least-cost set. 
At five acreage levels (400-800) a larger machinery set was least-
cost under 100 percent corn than under 61 percent corn, but for the 
900 and 1,000 acre levels the opposite was true. The fact that neither 
Table 4.8. Average total machinery costs with 100 percent of crop acres planted to corn ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 214.34* 106.51* 73.93* 63.82 73.50 98.48 122.36 140.99 153.77 163.92 
Four-row medium 225.77 110.22 76.07 62.00* 67.88 90.30 114.72 136.14 149.89 160.32 
Six-row small 254.71 121.25 81.00 59.80* 53.47 56.30 69.57 85.22 92.56 102.61 
Six-row medium 271.09 126.17 82.55 61.42 50.86 50.25 57.43 71.87 82.44 93.81 
Six-row large 277.50 127.76 83.18 62.05 49.20* 46.45 50.34 62.46 72.70 82.78 
Eight-row 
medium 308.91 139.11 90.16 65.06 49.98* 42.59 38.74 38.12 38.00 39.18 
Eight-row large 315.07 141.11 90.48 64.58 49.29* 41.12 35.99 33.92 32.36 32.48 
Eight-row 
extra large 323.13 143.62 91.45 64.87 49.64* 40.87* 35.37* 32.51* 30.76* 30.35* 
Tv/el ve-row 
1 arge 360.93 160.17 100.05 71.20 54.32 42.94 37.22 35.00 33.68 33.44 
Twelve-row 
extra large 368.98 164.16 102.43 71.61 54.79 42.94 36.56 33.79 31.93 31.36 
Eight-row extra 
large with 
twelve-row 
planter 323.00 142.75 91.05 65.87 48.68 39.65* 33.96* 30.58® 28.33* 27.25* 
*Least-cost set if 8X set with twelve-row planter is considered. 
*Leasl;-cost set at .05 level of confidence. 
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Table 4.9. Least-cost machinery sets for three levels of proportion 
of crop acres in corn 
Crop acres 50% corn 61% corn 100% corn 
100 4S 4S 4S 
200 4S 4S 4S 
300 4S 4S 4S 
400 4S 4S 4M, 6S 
500 4M 4M 6L, 8M, 8L, 8X 
600 4S, 4M, 6L 6L 8X® 
700 6L 6L, 8L, 8X 8X® 
800 
X
 
00 
_
J 
6L, 8X 8X® 
900 6L, 8X, 12X 00
 
X
 
1—
• 
ro
 
X
 8X® 
1000 12X 12X GO
 
®8X set with 12-row planter was actually less costly. 
I l l  
of the twelve-row sets was least-cost even at 1,000 acres tends to 
support the hypothesis that planting 100 percent of the crop acres to 
corn makes timeliness more critical in the spring than in the fall, 
since the largest available tillage machinery, the extra large subset, 
was required for cost minimization (with the 8X set), but not the 
largest available harvesting machinery (six-row combine in 12L or 
12X sets). 
One additional machinery set was tested under this particular 
set of assumptions. In the eight-row extra large set the eight-row 
planter was replaced with a twelve-row planter, but the combine and 
corn head were not changed. A four-row corn head could harvest 
corn planted with a twelve-row planter with no problems due to 
rows not being exactly parallel. This machinery set had average 
total costs of $48.68 per acre at 500 acres, not significantly 
different from the other four least-cost sets at that acreage level. 
From 600 to 1:000 acres it had average total costs significantly 
lower than those of any of the other machinery sets tested. At 
1,000 acres average cost per acre was $27.25, or $3.10 less than the 
next lowest set. The small increase in fixed costs was more than 
offset by the reduction in timeliness costs from substituting the 
larger planter. However, the same was not true for increasing the 
size of the harvesting machinery, since the 12X set was not least-
cost even at 1,000 acres. This also confirms the importance of 
spring timeliness versus fall timeliness when all crop acres are 
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planted to corn. 
Effect on least-cost machinery size 
Several methods can be used to quantify the effect of the rela­
tive proportions of corn and soybeans planted on the size of the 
least-cost machinery set. Table 4.10 shows the hours per acre re­
quired to complete all field operations with the least-cost machinery 
set under the 50 percent corn assumptions, the initial assumptions 
(61 percent corn) and the 100 percent corn assumptions. Where more 
than one machinery set was least-cost an average value was calcu­
lated. The smaller values indicate larger machinery sets, and vice 
versa. Actual labor time per acre would be greater than this, since 
it would include the time of the second person during harvest as well 
as time spent on repairs and maintenance. 
It should be noted that the hours per acre required using the 
same machinery set was different under the three sets of assumptions 
because more field time was required for moldboard plowing and har­
vesting of corn than for chisel plowing and harvesting of soybeans. 
Thus, at 100, 200 and 300 acres the sizes of the least-cost machinery 
sets as measured in hours per acre differed even though the same set 
was least-cost under all three sets of assumptions. 
At some acreages the least-cost machinery size increased as 
more of the acres were planted to corn and in other cases it decreased 
or stayed about the same. On the average the size of the least-cost 
machinery sets under the initial assumptions was larger (.01 fewer 
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Table 4.10. Size of least-cost machinery sets for three levels of 
proportion of crop acres in corn 
Hours per acre® 
Crop acres 50% b corn 61% corn 100% b corn 
100 1.89 (1.96) 1.96 2.25 (1.96) 
200 1.89 (1.96) 1.96 2.25 (1.96) 
300 1.89 (1.96) 1.96 2.25 (1.96) 
400 1.89 (1.96) 1.96 1.95 (1.74) 
500 1.76 (1.83) 1.83 1.38 (1.25) 
600 1.66 (1.72) 1.38 1.23 (1.14) 
700 1.33 (1.38) 1.23 1.23 (1.14) 
800 1.22 (1.26) 1.26 1.23 (1.14) 
900 1.11 (1.15) 1.03 1.23 (1.14) 
1000 .90 (.92) .92 1.23 (1.14) 
Mean 1.56 (1.61) 1.55 1.62 (1.50) 
The size of each machinery set is measured by the number of 
hours of field time needed to complete all machinery operations over 
one acre. Thus, higher values indicate smaller machinery sets and 
vice versa. Hours per acre for each set tested are as follows: 
45 1.96 SM 1 OQ 
4M 1.83 8L 1*.17 
6S 1.64 8X 1.14 
6M 1.50 12L .98 
6L 1.38 12X .92 
Values in parentheses refer to least-cost machinery size when 
hours per acre for each machinery set are not adjusted for the 
change in field operations due to the change in crop mix. 
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hours per acre) than under the 50 percent corn assumptions, but it 
was also 1arger (.07 fewer hours per acre) than under the 100 percent 
corn assumptions. Using the t-test for paired observations (equation 
4.1) neither of these differences was found to be significant at the 
.10 level of confidence. 
The larger mean value for hours per acre under the 100 percent 
corn assumption can be explained by the greater number of hours per 
acre required for harvesting and the fact that the two 12-row sets, 
which had the largest combines, were not least-cost even at 1,000 
acres. If the same comparison is made without adjusting the measure 
of machinery size for the change in crop mix, the average size of 
the least-cost sets under the initial assumptions was smaller 
(hours per acres were larger by .10) than when 100 percent of the 
crop acres were in corn. In other words, the difference in the 
means was due more to differences in the number of hours required 
with each machinery set than to differences in the sizes of the 
sets which were least-cost. However, this difference was still not 
significant at the .10 level. 
Another measure of machinery capacity which allows comparisons 
among different acreages as well as machinery sets Is the total 
number of field days required to complete all machinery operations. 
This is the product of the number of crop acres and the hours of 
field time required per acre divided by the hours of field time 
available per suitable field day. 
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Table 4.11 summarizes the total field days required using the 
least-cost machinery sets at 100 to 1,000 acres under the three 
different levels of percent of total acres in corn production. The 
same machinery set required more field days as a larger proportion 
of crop acres were shifted to corn because of the additional time 
moldboard plowing and corn combining required. 
Considerable uniformity existed in the total field days re­
quired under different crop mixes, particularly from 300 to 1,000 
acres, with the majority of the values falling between 50 and 
65 days. If machinery sets smaller than the 45 set had been evaluated, 
the total field days for the least-cost sets at 100 and 200 acres 
probably would have fallen in or near this range also. 
No significant differences were found among the total field 
days required by the least-cost machinery sets when 50, 61 and 100 
percent of the crop acres were planted to corn. This was to be 
expected, since the values are actually linear tranformations of the 
values in Table 4.10. The mean number of field days required was 
51.9 with half or all the acres in corn and 50.7 under the initial 
assumptions. Giving consideration to the 8X machinery set with a 
twelve-row planter, the mean was 53.7 days with 100 percent of the 
acres in corn, still not significantly different from the initial 
assumptions. 
To summarize, increasing the proportion of crop acres in corn 
production tended to increase the size of tillage and planting 
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Table 4.11. Total field days required with least-cost machinery for 
three proportions ol' crop acres in corn 
Crop acres 50% corn 61% corn 100% corn 
100 19.7 20.3 23.0 
200 34.6 35.9 41.0 
300 47.1 48.9 56.3 
400 57.8 60.1 60.4 
500 63.4 66.3 49.4 
600 67.4 55.8 50.5 
700 59.6 54.9 56.0 
800 64.3 61.3 62.5 
900 53.6 53.2 66.6 
1000 51.0 50.3 71.8 
Mean 51.9 50.7 53.7 
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machinery needed to minimize total machinery cost more than the 
size of the harvesting machinery. However, the overall size of the 
least-cost machinery sets did not seem to be affected significantly 
by changes in this variable. 
Effect on costs 
It is also interesting to analyze the effect which changing the 
proportions of crop acres planted to corn had on the various compo­
nents of total machinery costs. Table 4.12 shows each type of cost 
for the ten machinery sets from 100 to 1,000 acres with 50 percent 
and 100 percent of total acres planted to corn. At each acreage 
level the same arbitrarily chosen machinery set was compared under 
both sets of assumptions, in order to more clearly demonstrate the 
effect on each machinery cost component of increasing the proportion 
of total crop acres in corn. To illustrate the effect over the 
whole range of machinery sizes and acreage levels, the 4S set was 
compared at 100 acres, the 4M set was compared at 2ÔÔ acres and 
so on, up to the 12X set at 1,000 acres. 
The lower portion of Table 4.12 shows the total cost per acre 
of the least-cost machinery sets under both sets of assumptions, 
which illustrates the combined effects of varying the crop mix 
and adjusting the size of the machinery sets to those identified as 
least-cost at each acreage level. 
Fixed costs for a given set were slightly lower with all acres 
in corn, since a grain head for the combine was not needed. Fuel 
Table 4.12. Cost components for 50 percent corn and 100 percent corn ($) 
TT 
100 
T 
200 
Machinery set and number of crop acres 
6S 
300 
6M 
400 
6L 
590 
8M 
600 700 
8X 
800 
12L 
900 
12X 
1000 
Fixed costs: 
50% corn 
100% corn 
Fuel and 
costs: 
50% corn 
100% corn 
repair 
Labor costs: 
50% corn 
100% corn 
Timeliness costs: 
50% corn 
100% corn 
Tax savings: 
50% com 
100% corn 
Total costs: 
50% corn 
100% corn 
234 
230 
14 
16 
9 
11 
2 
3 
45 
49 
213 
210 
Standard deviation: 
50% corn .75 
100% corn .74 
Minimum total costs: 
50% corn 213 
100% corn 214 
123 
122 
14 
17 
9 
10 
4 
6 
44 
47 
106 
108 
1.49 
.98 
102 
107 
93 
92 
13 
16 
7 
9 
6 
8 
42 
45 
77 
79 
2.30 
1.59 
68 
74 
75 
74 
13 
17 
7 
8 
7 
11 
43 
49 
58 
60 
1.83 
3.09 
50 
60 
61 
61 
13 
18 
6 
8 
8 
15 
45 
53 
44 
48 
2.07 
3.75 
42 
49 
57 
56 
12 
17 
5 
7 
10 
14 
46 
53 
39 
42 
2.04 
3.16 
36 
41 
50 
49 
12 
17 
5 
6 
10 
18 
45 
55 
32 
35 
1.90 
3.68 
31 
35 
45 
44 
12 
17 
5 
6 
11 
25 
47 
61 
26 
32 
2.07 
5.77 
26 
33 
44 
43 
11 
15 
5 
6 
12 
39 
49 
71 
23 
33 
1.96 
11.81 
22 
31 
41 
40 
11 
16 
4 
6 
12 
45 
50 
76 
19 
30 
1.72 
14.62 
19 
30 
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and repair costs were $2 to $5 higher for 100 percent corn for two 
reasons. More fuel was used for drying corn and some machinery was 
used more hours per acre for corn than soybeans, particularly har­
vesting machinery. Labor costs were also higher, by $1 to $2 per 
acre, for the same reasons. 
Timeliness costs were also greater when all crop acres were 
planted to corn. At the lower acreage levels they were 50 percent 
greater and at the higher acreage levels they were three to four 
times as great. This was true primarily because corn suffered a 
greater yield loss than soybeans planted at the same date, and 
because the longer harvesting period for corn left fewer days avail­
able for fall tillage. 
Income tax savings varied from $41 to $50 with half the acres 
in corn, and from $45 to $76 with all acres in corn. The difference 
in tax savings increased as crop acres increased and, as was noted 
under the initial assumptions, tax savings were directly proportional 
to total pre-tax machinery costs. 
Total machinery costs per acre were greater when all acres were 
planted to corn than when the land was divided equally between corn 
and soybeans, except at 100 acres. From 200 acres on the lower 
fixed costs were more than offset by the higher fuel and repair, 
labor and timeliness costs which resulted when 100 percent of the 
acres were in corn production. Income tax savings reduced this 
difference, but did not affect the ranking. 
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The standard deviation of total costs under the 50 percent corn 
assumption was low and fairly constant for all acreage levels, 
ranging from .75 to 2.30. On the other hand, the standard deviation 
under the 100 percent corn assumption was higher in most cases, 
and increased rapidly beyond 700 acres. 
Thus, for the higher acreage levels total costs per acre were 
not only considerably greater when all acres were planted to corn, but 
the risk of suffering very high costs in a given year were higher 
as well. This indicates that diversifying acres between these two 
major crops can reduce both total machinery costs and risk. However, 
differences in profit potential or feed requirements for livestock 
may still make specialization in corn production justifiable. 
Gross Revenue Per Acre 
Gross revenue per crop acre is equal to the price per bushel 
multiplied by the potential yield per acre for each crop. Table 4.13 
shows the price and yield assumptions used in the initial analysis 
and those used in the analyses based on "high" and "low" gross 
revenue. 
The data from the sample of CROP-OPT participants were used to 
estimate a mean and standard deviation for gross revenue per acre 
for corn and for soybeans. These observations represented expecta­
tions of 172 individual farmers over three different crop years. To 
measure the effect of variations in gross revenue on the machinery 
selection decision, total machinery costs were estimated for gross 
Table 4.13. Gross revenue per crop acre 
Corn: 
Yield - bushels per acre 
Price - $ per bushel 
Gross revenue - $ per acre 
Soybeans : 
Yield - bushels per acre 
Price - $ per bushel 
Gross revenue - $ per acre 
Low assumptions Initial assumptions High assumptions 
95 
2.10 
199.50 
31 
5.00 
155.00 
115 
2.35 
270.25 
36 
6.09 
219.24 
132 
2.59 
341.88 
40 
7.09 
283.60 
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revenue assumptions equal to the mean plus and minus 1.645 standard 
deviations, which should encompass approximately ninety percent of 
the cases in a normal distribution. Prices and yields were adjusted 
in approximately the same proportions to achieve the desired esti­
mates for gross revenue. 
Changes in these assumptions had only a small effect on the 
physical performance of each machinery set, that is, on labor hours 
expended and percent of potential yield harvested. Higher yields 
reduced the rate of harvesting, particularly the hauling and drying 
operations, and lower yields increased the harvesting rate. More 
significant was the effect on timeliness costs. Increased expected 
gross revenue per acre made yield losses more valuable and justified 
an investment in larger machinery in order to minimize total 
machinery costs for a given number of crop acres. 
Table 4.14 shows total machinery costs per acre for the low 
gross revenue per acre assumptions and Table 4.15 shows the same 
figures for the high gross revenue per acre assumptions. Table 4.16 
compares the least-cost sets under all three sets of assumptions. 
Low gross revenue 
Under the low gross revenue assumptions the 45 set was least-
cost from 100 through 400 acres, the same as under the initial 
assumptions. At 500 acres the three smallest machinery sets, the 4S, 
4M and 6S sets, were all least-cost assuming low gross revenue per 
acre, while under the initial assumptions only the 4M set was least-
Table 4.14. Average total machinery costs per acre under low gross revenue per acre assumptions 
{$) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 237.72* 119.17* 80.87* 63.50* 56.01* 56.49 72.88 93.33 107.42 118.25 
Four-row medium 249.15 124.61 84.01 64.94 55.90* 53.69* 63.28 62.83 95.16 105.79 
Six-row small 279.00 137.96 91.37 69.02 57.19* 50.51* 46.43 47.76 52.26 59.67 
Six-row medium 295.70 145.79 96.10 71.40 53.15 50.43 45.85 44.43 45.30 49.07 
Six-row large 302.23 148.76 97.66 72.26 58.34 50.15* 44.89* 42.11* 41.30 43.04 
Eight-row 
medium 334.50 163.34 106.36 78.16 62.29 42.99 46.56 42.35 39.47 37.40 
Eight-row large 340.88 166.03 107.73 78.77 62.16 52.61 45.75 40.79* 37.47* 35.19* 
Eight-row 
extra large 348.90 170.03 110.32 80.53 63.11 53.08 46.08 40.88* 37.16* 34.59* 
Twelve-row 
large 386.71 188.11 121.60 88.19 67.97 55.81 48.09 41.85 37.21* 33.86 
Twelve-row 
extra large 394.67 192.01 124.20 89.98 69.21 56.31 48.43 42.28 37.45* 33.55* 
*Least-cost at .05 level of confidence. 
Table 4.15. Average total machinery costs per acre under high gross revenue per acre 
assumptions {$) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 194.49* 92.82* 59.49* 44.01* 35.61 35.70 49.93 69.11 80.37 90.68 
Four-row medium 203.37 94.57 59.91 44.20* 34.36* 32.09 39.81 55.08 63.54 71.64 
Six-row small 229.78 106.47 65.79 47.74 35.83 28.21 24.07 24.41 47.35 29.60 
Six-row medium 245.06 111.35 66.53 48.22 35.55* 27.31 22.08 19.67 19.92 22.95 
Six-row large 251.59 112.38 66.79 48.19 35.16* 26.62* 20.69* 17.54 17.64 20.06 
Eight-row 
medium 283.56 125.94 73.67 51.98 37.94 28.40 21.66 16.56 14.36 14.72 
Eight-row large 289.89 126.65 74.47 51.50 37.45 27.78 20.80 15.53 13.53 13.70 
Eight-row 
extra large 297.91 128.86 77.57 51.32 37.44 27.51 20.46* 15.03* 13.28* 13.41 
Twelve-row 
large 335.63 143.26 62.36 54.40 40.05 29.06 21.31 15.43 13.35* 13.18* 
Twelve-row 
extra large 343.59 145.43 83.32 54.62 40.04 28.89 20.97 15.00* 13.27* 12.93* 
*Least-cost at .05 level of confidence. 
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Table 4.16. Least-cost machinery sets for three levels of gross 
revenue per acre 
Low gross Initial High gross 
Crop acres revenue assumptions revenue 
100 4S 4S 4S 
200 4S 4S 4S 
300 4S 45 4S 
400 4S 4S 4S, 4M 
500 4S, 4M, 6S 4M 4M, 6M. 6L 
600 4M, 6S, 6L 6L 6L 
700 6. 6L. 8L, 8X 6L, 8X 
800 6L, 8L, 8X 6L, 8X 8X, 12X 
900 8L, 8X, 12L, 12X 8X, 12X 8X, 12L, 12X 
1000 8L, 12L, 12X 12X 12L. 12X 
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cost. At 600 acres the low gross revenue assumptions resulted in 
three least-cost machinery sets, the 4M, 6S and 6L, instead of the 
6L set only. At 700 acres the 6L set was the least costly set 
under the low gross revenue assumptions, while at 800 acres it was 
the 6L, 8L and SX sets. At 900 acres the four largest sets were all 
least-cost, and at 1,000 acres the 8L, 12L and 12X sets were least-
cost. 
In six of ten cases the average size of the least-cost machinery 
sets under the low gross revenue assumptions was smaller than under 
the initial assumptions and in four cases (100 to 400 acres) there 
was no difference. Table 4.17 shows the mean difference in terms 
of field hours per acre. This difference was significant at the .10 
level of confidence, but not at the .05 level. 
High gross revenue 
Under the high gross revenue assumptions the least-cost sets 
were the 45 at 100, 200 and 3Ô0 acres, the 4S and 4M at 400 acres, the 
4M, 6M and 6L at 500 acres, the 6L at 600 acres, and the 6L and 8X 
at 700 acres. At 800 acres the 8X and 12X sets were least-cost. 
At 900 acres the 8X, 12L and 12X sets were all least-cost, and at 
1,000 acres the 12L and 12X sets were least-cost. At each acreage 
level at least one of the least-cost sets under the high gross reve­
nue assumptions was the same as one of the least-cost sets under the 
initial assumptions. However, the other least-cost sets were always 
the same size or larger. 
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Table 4.17. Size of least-cost machinery sets for three levels of 
gross revenue per acre. 
Hours per acre® 
Low gross Initial High gross 
Crop acres revenue assumptions revenue 
100 1.96 1.96 1.96 
200 1.96 1.96 1.96 
300 1.96 1.96 1.96 
400 1.96 1.96 1.90 
500 1.81 1.83 1.57 
600 1.61 1.38 1.38 
700 1.38 1.23 1.26 
800 1.23 1.26 1.03 
900 1.06 1.03 1.01 
1000 1.03 .92 .95 
Mean 1.60 1.55 1.50 
The size of each machinery set is measured by the number of 
hours of field time needed to complete all machinery operations over 
one acre. Thus, higher values indicate smaller machinery sets and 
vice versa. 
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This was true for 400, 500, 700, 800 and 900 acres, or five 
of the ten cases. Table 4.17 shows the average number of field hours 
per acre for the least-cost sets. The difference between the mean 
values under the initial and high gross revenue assumptions was .05 
hours per acre, which was significant at the .10 level of confidence. 
The results under both the low and high gross revenue assumptions 
support the hypothesis that as the gross value of the crop increases 
the size of the least-cost machinery set also increases. 
The total field days needed to complete all machinery operations 
with the least-cost machinery sets under the low gross revenue 
assumptions (Table 4.18) was 52.7 compared to 50.7 days under the 
initial assumptions and 48.4 days under the high gross revenue 
assumptions. From 400 to 1,000 acres no particular trend in total 
field days required was evident as crop acres were increased. Most 
of the values fell in the 50-65 day range. 
Effects on machinery costs 
Table 4.19 demonstrates the effect on different components of 
total machinery costs of a change in the expected gross revenue per 
acre of the crops grown. 
Fixed costs are independent of yield and price levels, so were 
not affected by variations in these parameters. Fuel and repair 
costs were $1 to $3 higher under the high gross revenue assumptions 
than under the low gross revenue assumptions, because more bushels of 
corn had to be dried and more bushels of both corn and soybeans had 
Table 
Crop 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
Mean 
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Total field days required with least-cost machinery sets 
for three levels of gross revenue per acre 
Low gross 
revenue 
Initial 
assumptions 
High gross 
revenue 
20.3 20.3 20.3 
35.9 35.9 35.9 
48.9 48.9 48.9 
60.1 60.1 58.4 
64.4 66.3 56.1 
65.1 55.8 55.8 
61.9 54.9 56.1 
59.9 61.3 49.3 
54.3 53.2 51.9 
56.4 50.3 51.5 
52.7 50.7 48.4 
Table 4.19. Cost components under high and low gross revenue assumptions {$) 
Machinery set and number of crop acres 
"2K m R m 5E 8M 8L BX—IK—m 
100 200 300 400 500 600 700 800 900 1000 
Fixed costs:: 
High 234 123 93 75 61 57 50 45 44 41 
Low 234 123 93 75 61 57 50 45 44 41 
Fuel and repair 
costs: 
High 15 16 15 15 15 14 13 14 13 13 
Low 13 13 12 13 13 12 12 12 11 11 
Labor costs: 
High 10 987766555 
L o w  9 9 7 7 6 6 5 5 4 4  
Timeliness costs: 
High 3 5 7 9 11 12 14 15 16 17 
Low 1 3 4 5 6 7 8 9 8 8 
Tax savings: 
High 67 59 58 58 59 60 62 64 65 63 
Low 19 24 26 27 28 28 29 29 30 31 
Totsil costs: 
High 194 95 66 48 35 28 21 15 13 13 
Low 238 125 91 71 58 53 46 41 37 34 
Standard deviation 
H1lgh .54 1.78 1.67 1.74 1.58 1.47 1.25 1.13 .97 .76 
Low .57 1.38 2.25 2.51 1.86 1.97 2.35 2.53 2.35 2.16 
Minimum total costs: 
High 194 93 59 44 34 27 20 15 13 13 
Low 238 119 81 64 56 50 45 41 37 34 
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to be harvested and hauled. For the same reasons, labor costs were 
also higher under the high gross revenue assumptions, but only by a 
dollar or less. 
Timeliness costs were greater under the higher revenue assump­
tions, too. Losses measured as a percent of potential yield were 
slightly higher because more hours were required to complete har­
vesting, but the main reason for the difference was the fact that 
each fraction of potential yield lost represented more bushels valued 
at a higher price. 
Tax savings were also higher, more than double, under the high 
gross revenue assumptions because the additional income gave the 
operator a higher marginal tax rate, both before and after machinery 
costs were deducted. Each dollar of expense reduced income tax due 
by a greater amount than under the low gross revenue assumptions. 
The higher tax savings were, in fact, great enough to offset 
the higher fuel and repair, labor and timeliness costs and cause the 
total machinery costs per acre to be lower when a high expected gross 
revenue per acre was assumed than when expectations were less optimis­
tic. The difference ranged from $44 to $28 per acre as acreage in­
creased from 100 to 1,000. In fact, at the 1,000 acre level the 
marginal tax rate was high enough that all but $13 per acre of total 
machinery costs were offset by income tax savings. 
There was also a difference in variability of costs. Under the 
high gross revenue assumptions the standard deviation of total costs 
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was less (except at 200 acres) than under the low gross revenue 
assumptions. Although high timeliness costs created more extreme 
values for pre-tax costs above the mean under the high gross revenue 
assumptions, the higher rate of tax savings reduced these extreme 
values enough to make the overall variability lower than for the 
low gross revenue assumptions. 
The lower portion of Table 4.19 compares the total costs at 
each acreage level for the least-cost machinery sets. In all cases 
costs were higher under the low gross revenue assumptions, for the 
same reasons discussed above, although adjusting the machinery sets 
to the least-cost sizes did reduce the difference at some acreage 
levels. 
Summary 
An increase in the value of yield losses due to lack of timeliness 
can justify an investment in larger machinery for a given number of 
acres. A higher expected gross revenue per acre also increases the 
marginal tax rate, which reduces the true cost of the larger machinery. 
Thus, it can be concluded that as average yield and price expectations 
(for the period of the Investment) rise, both the average level and 
variability of total machinery costs can be reduced by choosing 
larger machinery, and vice versa. 
It should also be noted that as a producer's marginal tax rate 
increases, whether from higher crop prices or for other reasons, the 
size of the least-cost machinery for his particular situation will 
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increase. Total after-tax costs become a smaller percentage of pre­
tax costs. So, not only is a purchase of larger machinery more 
feasible from a financial or cash flow standpoint, it is economically 
justifiable as well. 
Labor and Field Hours Per Day 
The number of crop acres which a particular machine or set of 
machines can cover each year depends to a large degree on the number 
of hours per day it can be used when conditions are suitable. A 
number of factors influence the availability of field time, including 
the number of operators, availability of family and hired labor, 
number of tractors available, labor hours required for livestock or 
other enterprises, time of the year and personal preferences of the 
operator. 
Two types of constraints were imposed on field hours per day 
in the earlier analyses. One was a limit on total hours of labor 
available for field work per day. This could represent ônê operator 
only, several operators working successive shifts, or several 
operators working simultaneously. In the spring two tractors were 
assumed to be available simultaneously. In the fall a third operator 
could be employed on the combine as well. Total hours spent on 
tillage operations per day was limited only by the total labor hours 
available for field work. 
Some operations, mainly planting and harvesting, can only be 
carried out during certain hours of the day. This is due to darkness. 
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freezing and thawing of the ground, moisture content of the crop, 
and other reasons. Consequently, separate constraints were placed 
on the number of hours per suitable field day that planting and 
harvesting could be performed, regardless of availability of labor. 
If spring labor hours per day exceeded planting hours per day 
during the planting period, the excess labor was devoted to tillage 
operations on acres not yet prepared, if any. In the fall harvesting 
was assumed to be a two-man operation, so labor in excess of twice 
the daily limit for harvesting was devoted to fall tillage on acres 
already harvested and to operation of the grain dryer during hours in 
which no harvesting was taking place, if necessary. 
Labor hours available per day were assumed to increase in direct 
proportion to the number of crop acres in the previous analyses. 
Information drawn from the sample of CROP-OPT participants was used 
to estimate mean values and standard deviations for constraints on 
fall and spring labor hours per day and on the number of hours per day 
during which planting and harvesting could be performed. Values 
equal to the mean plus and minus 1.645 standard deviations were cal­
culated to provide sets of observations representing high and low 
extremes for lab or availability and field time per day. This range 
should include approximately ninety percent of the distribution. 
Table 4.20 summarizes these values. 
As more labor and field hours per day are available machinery 
operations can be completed over a given number of crop acres in fewer 
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Table 4.20. Labor and field hours available per suitable field day 
Low Initial High 
assumptions assumptions assumptions 
Spring labor: 
Minimum hours .0 6.6 13.9 
Additional hours per 
100 acres 1.7 1.9 2.1 
Fall labor: 
Minimum hours 3.5 9.5 15.3 
Additional hours per 
100 acres 1.3 1.5 1.7 
Planting hours 6.0 11.0 16.0 
Harvesting hours 6.5 11.0 15.5 
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suitable field days and consequently at an earlier calendar date. 
This reduces yield losses and timeliness costs, without increasing 
any other costs (assuming a constant hourly cost for labor regardless 
of the number of hours per day). Or, alternatively, a smaller 
machinery set with lower fixed costs can be used without increasing 
timeliness costs. Some trade-off would be expected between lower 
fixed costs and lower timeliness costs, resulting in lower costs 
per acre overall and a smaller set of machinery as the least-cost 
set, compared to the situation when labor and field hours per day 
are reduced. 
Results 
Tables 4.21 and 4.22 show the estimated total machinery cost 
per acre for the ten machinery sets from 100 to 1,000 acres based on 
low and high availability assumptions respectively for labor hours 
and field hours per day. Table 4.23 summarizes the sets which were 
least-cost. 
Under the low availability assumptions the four-row small 
machinery set was least-cost only at 100 and 200 acres. From that 
point on the size of the least-cost set increased rapidly as acreage 
increased. At 300 acres the 4M set was least-cost, and at 400 
acres the 6L machinery set minimized total costs. The 8L and 8X 
sets were least-cost at 500 acres and the 8X and 12X sets were 
least-cost at 600 acres. At 700 acres and over the largest set 
available, the twelve-row extra large, was the Isast-cost set. 
Table 4.21. Average total machinery costs per acre with low labor and field hours 
assumptions ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 214.24* 106.67* 81.51 106.01 146.77 172.83 189.43 198.70 202.74 202.32 
Four-row medium 225.29 109.40 79.27* 92.71 131.56 164.22 185.72 196.30 201.26 202.74 
Six-row small 255.10 120.97 83.23 69.40 84.22 111.54 187.47 152.02 163.02 171.37 
S1x-row medium 271.19 124.81 84.11 65.94 69.40 93.70 124.44 143.04 154.22 163.56 
Six-row large 277.61 126.16 83.85 64.05* 58.91 78.14 105.05 124.83 135.43 146.00 
Ei ght-row 
medium 310.08 139.19 91.00 68.19 56.90 59.44 77.01 94.04 106.41 118.51 
Eight-row large 316.22 140.72 91.20 66.52 53.96* 50.02 60.97 74.96 84.33 93.73 
Eight-row 
extra large 324.19 144.06 92.51 67.43 53.45* 47.13* 53.60 67.40 75.23 83.94 
Twelve-row 
large 362.06 161.99 100.90 72.08 55.93 46.39 44.63 51.12 54.73 58.50 
Twelve-row 
extra large 369.94 165.62 102.00 73.05 55.47 45.42* 41.94* 44.67* 46.35* 49.36* 
*Least-cost at .05 level of confidence. 
Table 4.22. Average total machinery costs per acre with high labor and field hours 
assumptions ($) 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 213.66* 102.48* 67.09* 48.85* 40.17* 33.78* 29.48 26.93 26.38 27.22 
Four-row medium 225.14 106.35 70.06 49.49 40.31 33.81* 28.91* 25.79 24.43 24.20 
Six-row small 254.89 118.20 76.78 53.89 42.96 35.58 29.94 25.68 22.72 20.85 
Six-row medium 271.52 123.18 79.84 57.35 43.01 35.55 29.29* 24.60 20.92 18.02 
Six-row large 278.06 125.00 80.84 57.31 42.84 35.33 29.09* 24.19* 20.38* 17.30* 
Eight-row 
medium 310.38 138.34 87.71 61.88 46.37 37.68 31.16 25.78 21.58 18.13 
Eight-row large 316.71 140.26 88.51 61.92 46.18 37.16 30.70 25.19 20.93 17.46 
Eight-row 
extra large 324.73 143.92 90.72 63.14 46.71 37.10 30.72 25.13 20.78 17.21* 
Twelve-row 
large 362.44 161.21 98.97 68.08 51.04 38.68 31.63 26.07 21.32 17.51 
Twellve-row 
extra large 370.41 165.20 100.60 69.16 51.17 38.94 31.53 26.06 21.18 17.31* 
*Least-cost at .05 confidence level. 
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Table 4.23. Least-cost machinery sets for three levels of field and 
labor hours per day 
Low Initial High 
Crop acres hours assumptions hours 
100 4S 4S 4S 
200 4S 45 4S 
300 4M 4S 4S 
400 6L 4S 4S 
500 r
 
00
 
X
 
4M 4S 
600 8X, 12X 6L 4S, 4M 
700 12X 6L, 8L, 8X 4M, 6M, 6L 
800 12X 6L, 8X 6L 
900 12X 8X. 12X 6L 
1000 12X 12X 6L, 8X, 12X 
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Under the high availability assumptions the smallest machinery 
set available, the 4S, was least-cost through 500 acres. At 600 
acres the 4S and 4M sets had the lowest costs, and at 700 acres the 
4M, 6M and 6L sets were all least-cost. The 6L set alone was least-
cost at 800 and 900 acres while the 6L, 8X and 12L sets were all 
least-cost at 1,000 acres. 
Table 4.24 shows the average number of field hours required 
per acre for the least-cost set(s) at 100 to 1,000 acres under the 
low, initial and high labor and field time assumptions. From 100 to 
200 acres there was no difference in the size of the least-cost 
machinery set among the three sets of assumptions, though if smaller 
machinery sets had been tested it is quite possible that they would 
have been identified as least-cost. 
From 300 to 900 acres a larger machinery set was required to 
minimize total machinery costs under the limited hours assumptions 
than under the initial assumptions. Under the extended hours 
assumptions the difference in least-cost machinery sizes was not so 
great, although from 500 to 1,000 acres a smaller machinery set 
was required for cost minimization than under the initial assumptions. 
Table 4.24 also shows the mean difference in the number of field 
hours required per acre for all the least-cost machinery sets from 
100 to 1,000 acres, under the three different sets of assumptions. 
The mean size (as measured by field hours per acre) of the least-cost 
sets under the low assumptions was significantly different from the 
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Table 4.24. Size of least-cost machinery sets for three levels of 
labor and field hours per day 
Crop acres 
Hours per acre* 
Low hours Initial assumptions High hours 
100 1.96 1.96 1.96 
200 1.96 1.96 1.96 
300 1.83 1.96 1.96 
400 1.38 1.96 1.96 
500 1.16 1.83 1.96 
600 1.03 1.38 1.90 
700 .92 1.23 1.57 
800 .92 1.26 1.38 
900 .92 1.03 1.38 
1000 .92 .92 1.14 
Mean 1.30 1.55 1.72 
The size of each machinery set is measured by the number of 
hours of field time needed to complete all machinery operations over 
one acre. Thus, higher values indicate smaller machinery sets and 
vice versa. 
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mean size under the initial assumptions at the .01 level of confidence, 
while the difference between the means under the high and initial sets 
of assumptions was significant at the .05 level of confidence. 
Besides the apparent differences in size of the least-cost 
machinery sets, the total number of field days required to complete 
all machinery operations using the least-cost set was also influenced 
by the number of labor and field hours available per day. Table 4.25 
shows that under the assumptions of low availability of labor and 
field hours, a producer could afford to spend considerably more days 
completing field work than under the initial assumptions. The mean 
was 77.2 days compared to 50.7 days, from 400 to 1,000 acres. Although 
timeliness costs were higher as field work was spread out over a 
longer period of time, they were not high enough to offset the greater 
fixed costs incurred by using larger machinery and shortening the 
completion period. 
The same difference was evident when comparing the Initial 
assumptions with the high availability of labor and field hours 
assumptions. The average number of field days required with the 
least-cost machinery sets from 400 to 1,000 acres was 50.7 under the 
initial assumptions and 40.8 under the high availability assumptions. 
The least-cost machinery sets were larger under the high hours assump­
tions than under the initial or low hours assumptions, and the 
greater number of hours per day which the machinery could be utilized 
resulted in a significantly lower number of total field days. 
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Table 4.25. Total field days required with least-cost machinery sets 
for three levels of labor and field hours per day 
Crop acres Low hours Initial assumptions High hours 
100 72.8 20.3 12.3 
200 87.3 35,9 22.8 
300 94.0 48.9 32.2 
400 79.8 60.1 40.6 
500 73.6 66.3 48.5 
600 70.4 55.8 54.3 
700 66.7 54.9 50.0 
800 71.2 61.3 48.3 
900 75.7 53.2 52.7 
1000 80.1 50.3 46.5 
Mean 77.2 50.7 40.8 
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For each set of assumptions the total number of field days did 
not vary greatly once crop acres exceeded 300. This indicates that 
the size of the least-cost, machinery set was increasing (hours per 
acre were decreasing) at about the same rate as total crop acres 
were increasing. 
Conclusions 
Several observations can be made about the effect of variations 
in the number of labor hours and field hours available per day on 
the machinery selection decision. First, changes in the number of 
hours available did significantly alter the size of machinery needed 
to minimize total machinery costs, with fewer hours requiring larger 
machinery and vice versa. Second, decreasing the number of hours 
available had a greater effect on the least-cost machinery size than 
increasing the number of hours by the same amount from the mean. 
Third, under the lower hours assumptions the cost differences 
between the various machinery sets were generally greater; at each 
acreage level. In fact, only at the 500 and 600 acre levels was 
more than one set identified as least-cost, and even then only two 
sets were so identified. With only a limited number of working hours 
per day the magnitude of the timeliness costs was very sensitive to 
the machinery capacity available. On the other hand, under the high 
assumptions for labor and field hours available the cost differences 
among the various machinery sets were smaller, especially in the 
intermediate range of acres. In fact, at 700 acres there was a 
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difference of only $1.72 per acre between the highest cost set ($31.53 
for the twelve-row extra large) and the lowest cost set ($29.09 for 
the six-row large). This compares to a range of $2.68 at 600 acres 
under the initial assumptions between the highest and lowest cost 
machinery sets, and a range of $20.49 at 300 acres (the acreage level 
where the variation was smallest) under the low labor and field hour 
availability assumptions. 
This means that where field and labor hours are more limited 
the machinery selection decision becomes more critical, and the 
potential cost of a wrong decision is greater. When hours are in 
greater supply the decision may be nearly irrelevant at certain 
acreage levels. It should be cautioned that this considers mean 
total cost as the only decision criterion. Where variability of 
costs is considered as well, the larger machinery sets may be pre­
ferable even when costs are slightly higher. This aspect will be 
discussed further in the following chapter. 
Effects on costs 
Reducing or extending the number of labor and field hours 
available per day also affected the cost estimates for each machinery 
set, particularly the timeliness costs. 
Table 4.26 shows the estimated costs for each of the ten machin­
ery sets, tested at 100 to 1,000 crop acres respectively. As in 
previous tests fixed costs per acre were unaffected by the change in 
assumptions. Fuel and repairs costs averaged about $2 to $3 lower 
Table 4,26. Cost components under high and low assumptions for field and labor hours 
available per day ($) 
100 
"IFT 
200 
Machinery set and number of crop acres 
" 5 5  - m  5 1 — ^  ~8Jr 
800 
i2r 
900 1000 300 400 500 600 700 
Fixed costs: 
High hours 
Low hours 
Fuel and repair 
costs : 
High hours 
Low hours 
Labor costs; 
High hours 
Low hours 
Timeliness costs: 
High hours 
Low hours 
Tax savings: 
High hours 
Low hours 
Total costs: 
High hours 
Low hours 
234 
234 
15 
13 
9 
9 
1 
4 
46 
46 
214 
214 
Standard deviation: 
High hours .57 
Low hours 1.92 
Minimum total costs: 
High hours 214 
Low hours 214 
123 
123 
15 
13 
9 
9 
3 
10 
44 
46 
106 
109 
.94 
3.08 
106 
107 
93 
93 
14 
12 
8 
8 
4 
16 
42 
46 
77 
83 
1.05 
5.82 
67 
79 
75 
75 
14 
12 
7 
7 
4 
22 
43 
50 
57 
66 
.87 
7.85 
49 
64 
61 
61 
15 
12 
7 
7 
5 
35 
45 
56 
43 
59 
.94 
14.14 
40 
54 
57 
57 
14 
12 
6 
6 
5 
47 
45 
62 
38 
59 
1.00 
22.36 
34 
46 
50 
50 
14 
11 
5 
5 
6 
64 
44 
69 
31 
61 
1.12 
27.23 
30 
42 
45 
45 
14 
11 
5 
5 
7 
84 
46 
77 
25 
67 
1.01 
31.59 
24 
45 
44 
44 
13 
10 
5 
5 
7 
74 
47 
78 
21 
55 
.79 
27.63 
20 
46 
41 
41 
13 
10 
5 
5 
7 
77 
48 
83 
17 
49 
.69 
24.17 
17 
49 
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under the low labor and field hours assumptions than under the high 
assumptions, mostly because corn harvesting was extended later into 
the fall and the average moisture content of the grain was lower, 
which reduced consumption of fuel for drying. In addition, timeli­
ness losses were larger, particularly at the higher acreage levels, 
so that fewer bushels were dried. 
Labor costs were unaffected. The same number of hours was 
required to complete machinery operations regardless of how many 
calendar days were needed. Although a constant price for labor 
was assumed, it is possible that increasing the number of hours of 
labor available per day might require the farmer to pay a higher wage 
rate or to place a higher opportunity cost on additional hours of 
his own labor. 
Timeliness costs were very low when labor and field hours per 
day were plentiful, ranging from $1 per acre for the 4S machinery set 
at 100 acres to only $7 per acre for the 12X set at 1,000 acres. When 
labor and field hours were in short supply, however, timeliness costs 
increased rapidly as more acres were assumed, from $4 per acre at 
100 acres with the 4S set to $77 per acre at 1,000 acres with the 
12X machinery set. The low number of hours per day available for 
field work caused planting and harvesting to be completed at later 
dates with subsequent high yield losses. 
Higher timeliness costs under the low hours assumptions caused 
total pre-tax machinery costs to be higher and resulted in larger 
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tax savings. This decreased the difference in total costs after 
taxes under the two sets of assumptions but did not eliminate it. 
In fact, for the 12X set at 1,000 acres the total cost per acre under 
the low field and labor hours per day assumptions was nearly three 
times as high as under the high assumptions for field and labor 
hours per day. This indicates a very high payoff from supplying 
extra labor hours for field work each day during early spring and 
fall. The difference in total costs between the two sets of assump­
tions was $6.00 per field hour at 400 acres (6M set), $25.21 per 
field hour at 700 acres (8L set) and $34.78 per field hour at 1,000 
acres (12X set). Of course this return must be compared to returns 
to labor available from alternative uses or to the cost of hiring 
additional labor. 
Variability of costs was also much greater under the low avail­
ability of field and labor hours assumptions. For the years when 
the number of suitable field days was less than average timeliness 
costs became very high. When field and labor hours were more plenti­
ful timeliness costs were minimal, even in poor weather years, and 
variability was low. 
Comparing the minimum possible machinery costs at each acreage 
level shows average total costs per acre were still higher under the 
low field and labor hours assumptions than under the high assumptions; 
except at 100 acres, where timeliness costs were very low and total 
costs were equal. The difference between the two sets of assumptions 
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was smaller in most cases for the least-cost sets than when one 
arbitrarily chosen set was compared at each acreage level. These 
differences represent the combined effect on machinery costs of 
differences in labor and field hours available per day and adjust­
ment of the size of each machinery set to the scale necessary to 
achieve the minimum possible machinery costs for each number of acres. 
Increasing the number of field and labor hours per day may be 
a particularly inexpensive and flexible way of increasing machinery 
capacity. Usually no fixed commitment of resources is required, so 
that extra hours can be expended in years in which the number of 
suitable field days is less than average and fewer hours supplied in 
years when weather permits more field work than usual. This allows 
planting and harvesting to be completed in a timely fashion without 
an unnecessarily large investment in machinery capacity, and helps 
reduce the variability of total machinery costs from year to year. 
Regions within îôwà 
So far in this study all the estimates of the least-cost machinery 
sets under different conditions have been based on the number of 
suitable field days recorded for the state of Iowa for each week during 
the years 1958 through 1977. Reports of available suitable field 
days are received from each of the nine crop reporting districts in 
Iowa by the Iowa Crop and Livestock Reporting Service. A weighted 
average of the observations from each district is calculated to derive 
the statewide average. Although the number of suitable field days In 
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each district for a given week is closely correlated, observations 
are not identical in all districts. Thus, the question arises as to 
whether differences in the number of suitable field days which occur 
in different parts of Iowa are sufficient to affect the size of 
machinery which will minimize total machinery costs under a given set 
of conditions. 
Suitable field days 
Figure 4.4 shows the location of the nine crop reporting districts 
in Iowa. To test the influence of location on the number of suitable 
field days the state was divided into a northern, central and southern 
one-third. The northern area included crop reporting districts one, 
two, and three, while the central area included districts four, five, 
and six and the southern area included districts seven, eight, and 
nine. For each area the mean number of suitable field days during 
several periods of the year was computed from the reported values 
from 1958 to 1977= 
Figure 4.4. Iowa crop reporting districts (16) 
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As shown in Table 4.27, northern Iowa had fewer suitable days 
early in the spring, March 22 to April 25, than central and southern 
Iowa did. This is probably due to the lower average temperature in 
northern Iowa during this period and later thawing of the ground. 
The majority of the tillage operations are done during this period. 
On the other hand, during the planting period of April 26 to July 4, 
southern Iowa had the fewest suitable field days. During the fall 
harvest season, September 20 to December 19, southern Iowa also had 
the fewest good days. This was probably due to higher average 
annual rainfall in this area. 
A similar analysis was done dividing the state into western, 
central and eastern portions. The western area included crop re­
porting districts one, four and seven. The central area was made up 
of districts two, five and eight, and the eastern area included 
districts three, six, and nine. The results are summarized in 
Table 4.28. The western area averaged more suitable field days during 
all three periods, while eastern Iowa had the fewest days suitable 
for harvesting. However, the differences were not as great as when 
the northern, central and southern areas were compared. 
In terms of variability from year to year in the number of 
suitable field days, the standard deviation in southern Iowa was larger 
In all three periods than in central or northern Iowa. Comparing 
western, central and eastern Iowa, the western region had the highest 
degree of variability in early spring and fall, but the lowest 
variability in late spring. 
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Table 4.27. Suitable field days in Northern, Central and 
Southern Iowa 
Northern Central Southern 
Iowa Iowa Iowa 
Mean number of suitable 
field days: 
March 22-April 25 8.3 10.7 10.6 
April 26-July 4 54.1 52.5 49.0 
September 20-
December 19 52.8 52.5 49.2 
Total 115.2 115.7 108.8 
Standard deviation: 
March 22-April 25 6.49 6.74 7.21 
April 26-July 4 4.68 5.30 7.11 
September 20-
December 19 7.43 6.89 7.72 
^Includes observations for 1958-1977. 
^Source: (15). 
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Table 4.28. Suitable field days in Western, Central and 
Eastern Iowa 
Western Central Eastern 
Iowa Iowa Iowa 
Mean number of suitable 
field days: 
March 22-April 25 10.5 9.5 9.7 
April 26-July 4 53.6 50.9 51.2 
September 20-
December 19 52.5 51.2 49.7 
Total 116.6 111.6 110.6 
Standard deviation: 
March 22-April 25 6.93 6.66 6.52 
April 26-July 4 5.16 6.36 6.47 
September 20-
December 19 7.87 7.49 6.08 
^Includes observations for 1958-1977. 
^'source: (16). 
154 
In general, the differences in the occurrence of suitable field 
days were more pronounced among the northern, central and southern 
regions than among the western, central and eastern regions. There­
fore, the analysis was carried out by comparing machinery costs based 
on suitable field days assumptions corresponding to the northern, 
central and southern thirds of the state. 
Beginning planting dates 
Another weather factor which varies as one moves from north to 
south in Iowa is the expected date of the last freeze in Iowa. This, 
plus the temperature of the soil near the surface affects the earliest 
date on which corn and soybeans can be planted safely (30). The 
average date of the last spring freeze is about May 5 in northern 
Iowa, April 29 in central Iowa, and April 26 in southern Iowa (16). 
Year-by-year records of when actual planting of corn and soybeans 
began were not available for each area or crop reporting district. 
However, to reflect differences in frost possibilities and soil 
temperatures for the three areas, the estimated beginning planting 
dates for the whole state (Appendix D) were adjusted by the differences 
in the average date of the last spring frost. That is, the beginning 
planting dates for northern Iowa in each year were estimated to be 
six days later than statewide, while the southern Iowa dates were 
estimated to be three days earlier. Beginning planting dates in 
central Iowa were assumed to be the same as the statewide figures. 
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Least-cost machinery sets 
Total machinery costs per acre were estimated for all ten 
machinery sets from 100 to 1,000 acres, just as in the previous 
analyses. Suitable field days assumptions for 1958 through 1977 
which represented northern, central and southern Iowa conditions were 
used. These cost estimates are summarized in Tables 4.29, 4.30 and 
4.31, respectively. 
The machinery sets which were least-cost at each acreage 
did not differ greatly from the initial assumptions for any of the 
three areas, as shown in Table 4.32. From 100 to 400 acres the 4S 
set was least-cost in all three cases, and in northern Iowa the 4M 
set was also least-cost at 400 acres. At 500 acres the 4M set was 
least-cost in all cases, while the 4S set was also least-cost in 
northern Iowa and in southern Iowa the 6M and 6L sets were other 
least cost sets. The fact that larger machinery sets were least-
cost in southern Iowa is consistent with the lower average number 
of suitable field days in this area during planting and harvesting. 
At 600 acres the 6L set was least-cost in all three areas, and 
in the central area the 4M set as well was least-cost. The 6L set was 
also the least-cost set in all three areas at 700 acres. In southern 
Iowa the 8L, BX and 12X sets were also least-cost at this acreage 
level. 
The BX set was least-cost in all three areas at 800 acres, as 
well as the 6L set in central Iowa and the 8X and 12X sets in northern 
Table 4.29. Total costs per acre under initial assumptions for Northern Iowa 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 215.03* 103.84* 69.87* 51.80* 43.73* 41.42 51.34 71.88 85.55 98.65 
Four-row medium 226.48 107.58 71.81 52.30* 43.40* 39.32 43.55 60.20 69.86 80.79 
Six-row small 256.21 119.24 78.29 56.20 45.23 38.56 33.45 32.11 33.47 37.66 
Six-row medium 272.87 124.14 81.25 58.80 45.03 37.87 32.46 29.31 27.51 27.96 
Six-row large 279.40 126.02 81.86 53.155 44.64 37.16* 31.69* 27.60* 25.13 23.87 
Eight-row 
medium 311.75 139.13 88.89 63.09 47.89 39.27 33.21 28.42 24.67 21.60 
Eight-row large 318.04 141.08 89.80 63.15 47.59 38.39 32.37 27.22 23.26 19.97 
Eight-row 
extra large 325.61 144.57 92.30 64.46 48.51 38.78 32.37 26.98* 22.70* 19.33 
Twelve-row 
large 363.87 162.36 99.70 69.18 52.11 40.23 33.00 27.72 23.07 19.31 
Twelve-row 
extra large 371.84 166.29 101.21 70.99 52.31 40.31 32.75 27.45* 22.69* 18.87* 
*Least"Cost at .05 confidence level. 
Table 4.30. Total costs per acre under initial assumptions for Central Iowa 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 213.49* 102.65* 68.00* 50.24* 42.24 39.18 47.58 69.15 81.63 93.66 
Four-row medium 224.96 106.42 70.66 50.88 41.80* 37.48* 40.20 56.99 67.60 77.93 
Six-row small 1 254.69 118.23 77.11 55.10 43.96 37.07 31.87 29.34 29.63 33.50 
Six-row medium 271.38 123.13 80.12 57.89 43.93 36.79 31.13 27.77 25.74 25.38 
Six-row large 277.92 124.92 80.88 57.72 43.73 36.30* 30.48* 26.09* 23.63 22.32 
Eight-row 
medium 310.17 137.80 87.15 61.80 46.78 38.38 32.27 27.22 23.45 20.37 
Eight-row large 316.50 139.63 87.77 61.63 46.47 37.74 31.56 26.29 22.21 18.99 
Eight-row 
extra large 323.82 143.15 91.33 68.21 47.42 38.00 31.54 26.05* 21.76* 18.34* 
Twelve-row 
large 362.21 160.96 98.85 68.25 51.47 39.42 32.45 27.06 22.31 18.50 
Twelve-row 
extra large 370.19 164.91 1(30.46 69.50 51.57 39.58 32.22 26.91 22.09 18.16* 
*Least-.cost at .05 confidence level. 
Table 4.31. Total costs per acre under initial assumptions for Southern Iowa 
Crop acres 
Machinery set 100 200 300 400 500 600 700 800 900 1000 
Four-row small 211.06* 101.58* 67.93* 50.69* 43.89 46.15 65.35 86.39 99.07 111.36 
Four-row medium 222.54 105.28 70.36 51.05 42.95* 42.44 53.76 76.01 87.63 98.47 
Six-row small 251.96 117.28 715,76 55.02 44.03 38.30 34.50 36.44 41.13 48.81 
Six-row medium 268.53 121.67 73,62 57.63 44.00* 37.32 32.32 31.76 32.97 36.82 
Six-row large 275.06 123.30 80.12 57.42 43.62* 36.55* 31.38* 28.92 28.27 29.27 
Eight-row 
medium 307.48 136.41 85.87 61.83 47.03 38.64 32.82 28.58 25.09 23.06 
Eight-row large 313.79 138.05 87.30 6.162 46.62 37,94 31.83* 27.01 23.43 20.79 
Eight-row 
extra large 320.33 140.52 88.36 62.04 46.57 37.57 31.39* 26.05* 22.04* 18.80* 
Twelve-row 
large 359.68 159.15 98,31 68.11 51.49 39.54 32.51 27.28 22.81 19.30 
Twelve-row 
extra large 367.61 163.11 99.72 68.99 51.52 39.68 32.27* 27.06 22.45 18.72* 
*Least-cost at ,05 confidence level. 
Table 
Crop i 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
Least-cost machinery sets for Northern, Central and Southern Iowa 
Northern Ceritral Southern Initial 
Iowa Iowa Iowa Assumptions 
4S 43 4S 45 
4S 4S 4S 4S 
4S 4S 4S 4S 
4S.4M 4S 4S 45 
4S. 4M 4M 4M,6M,6L 4M 
6L 4M.6L 61 61 
6L 6L 6L,8L,8X,12X 6L,8L,8X 
6L,8X,12X 6L,8X 8X 6L.8X 
8X,12X 8X 8X 8X,12X 
12X 8X,12X 8X,12X 12X 
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Iowa. The 8X set was also least-cost everywhere at 900 acres, along 
with the 12X set in northern Iowa. 
At 1,000 acres the 12X set was least-cost in northern Iowa 
while the 8X and 12X sets were the lowest cost sets in the other 
areas. 
When the sizes of the least-cost machinery sets in terms of 
hours required to complete all operations on each acre are compared, 
the differences are not great, as shown in Table 4.33. On the average, 
the least-cost sets were smallest for central Iowa, which had the most 
suitable field days during planting and harvesting, and largest 
for southern Iowa, which had the fewest. The difference between the 
means for these two areas was significant at the .10 level. The mean 
size of the least-cost sets for northern Iowa fell between the means 
for the other two areas, and was not significantly different from 
either of them. 
The mean size of the least-cost sets under the initial assumptions 
was equal to that found for northern Iowa and was not significantly 
different from the means for either of the other two areas, either. 
Table 4.34 lists the total number of field days required to 
complete all field operations with the least-cost machinery sets 
for the different areas of the state. As under the initial assump­
tions, most of thi values fell in 50 to 65 day range* except from 
100 to 300 acres. The mean number of field days required in northern 
and southern Iowa was nearly Identical to the mean under the initial 
Table 4.33. Size of least-cost machinery sets for Northern, Central and 
Southern Iowa 
Hours per acre 
Northern Central Southern Initial 
Crop acres Iowa Iowa Iowa Assumptions 
100 1.96 ].96 1.96 1.96 
200 1.96 1.96 1.96 1.96 
300 1.96 1.96 1.96 
400 1.90 3.96 1.96 1.96 
50CI 1.90 1.83 1.57 1.83 
600 1.38 1.61 1.38 1.38 
700 1.38 1.38 1.16 1.23 
800 1.14 1.13 1.13 1.26 
900 1.03 1.13 1.13 1.03 
1000 .92 1.03 1.03 .92 
Mean 1.55 1.59 1.52 1.55 
The size of each machinery £;et is measured by the number of hours of 
field time needed to complete all machinery operations over one acre. 
Thus, higher values indicate smalller machinery sets and vice versa. 
Tab! 
Crop 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
Mean 
Total field days required with least-cost machinery sets in 
Northern, Central and Southern Iowa. 
Northern Central Southern Initial 
Iowa Iowa Iowa Assumptions 
20.3 20.3 20.3 20.3 
35.9 35.9 35.9 35.9 
48.9 48.9 48.9 48.9 
58.4 60.1 60.1 60,1 
68.3 66.3 56.1 66.3 
55.8 65.6 55.8 55.8 
61.9 61.9 51.2 54.9 ^ 
55.4 61.3 54.9 61.3 
53.2 59.3 59.3 53.2 
50.3 57.0 57.0 50.3 
50.8 5-1.7 50.0 50.7 
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assumptions, but the mean for central Iowa was three to four days 
higher than any of the others. 
In general, there is little evidence that weather conditions in 
northern and southern Iowa differ enough from statewide average 
conditions to significantly alter the size of machinery needed to 
minimize total machinery costs. In central Iowa costs can be mini­
mized with slightly smaller machinery sets, probably because this 
area has slightly more early spring field days available than in 
northern Iowa, and more late spring and fall days than in southern 
Iowa. 
Effect on costs 
The effect on machinery costs of the weather differences between 
northern, central and southern Iowa are shown in Table 4.35. Since 
the number of suitable field days and the earliest planting dates were 
the only differences assumed among the three regions, only timeliness 
costs, total costs and the standard deviations were affected, and are 
the only values Included in the table. Other cost components were 
affected only slightly and indirectly by climatic differences. For 
example, fuel costs declined slightly when timeliness penalties in­
creased because fewer bushels of corn were dried. 
Timeliness costs per acre in the southern region were consistently 
$1 to $2 higher than in the northern region, and $1 to $4 higher than 
in the central region. This is consistent with the slightly smaller 
expected number of suitable field days in southern Iowa compared to 
Table 4.35. Timeliness costs, total costs and standard deviation for Northern, 
Central and Southern Iowa 
Machinery set and crop acres 
4S 4M 6S 6M 6L 8M 8L 8X 12L 12X 
100 200 300 400 500 600 700 800 900 1000 
Timeliness cost 
per acre: 
Northern $ 2 $ 4 $ 6 $ 7 $ 9 $10 $11 $ 9 $12 $13 
Central 2 4 5 15 8 8 9 8 10 11 
Southern 3 5 7 8 10 11 12 10 14 14 
Total cost per acre: 
Northern $215 $108 $78 $59 $45 $39 $32 $27 $23 $19 
Central 213 106 77 58 44 38 32 26 22 18 
Southern 211 105 77 58 44 39 32 26 23 19 
Standard deviation; 
Northern 1.39 2.04 2.71 2.54 2.77 2.47 2.29 2.56 2.23 2.04 
Central .54 1.12 1.50 1.38 1.59 1.52 1.63 1.72 1.45 1.26 
Southern .80 1.17 1.75 1.44 1.71 1.85 1.91 1.83 1.86 1.65 
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the other areas, and the greater number expected in central Iowa 
compared to the northern or southern areas. 
Total costs per acre were nearly identical for the three regions. 
Higher timeliness costs in the southern region were offset by tax 
savings and lower fuel costs. At 100 and 200 acres total costs in 
northern Iowa were slightly higher than in central Iowa, and central 
Iowa costs were higher than those in southern Iowa because the 
later beginning planting dates for corn required that more moisture 
be removed at harvest. 
One significant result was that the standard deviation of total 
costs in northern Iowa was higher than for the other tv/o regions, 
sometimes nearly twice as high. Thus, a northern Iowa producer 
greatly concerned with risk reduction would be justified in choosing 
a larger set of machinery, all else equal, than his counterparts to 
the south. In general, though, cost estimates and machinery size 
recommendations based or. statewide average weather data will be 
valid in any region of the state. 
Summary 
In this chapter, minimization of total machinery related costs 
was assumed to be the criterion for choosing among alternative sets 
of machinery under different combinations of economic and physical 
conditions. 
Increasing the size of the machinery set for a fixed number of 
acres caused fixed costs to increase while fuel, repair, labor and 
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timeliness costs decreased. Total costs per acre tended to decrease 
at first, then increase as machinery size increased. 
When a particular machinery set was used over more and more acres, 
average fixed costs and fuel costs declined while repair costs and 
timeliness costs rose. Labor costs remained constant. Average total 
cost diminished then tended to rise as acres were increased. Income 
tax savings were proportional to the total of all pre-tax costs. 
Varying the proportion of total crop acres devoted to corn pro­
duction from 50 to 100 percent had no significant effect on the 
least-cost machinery size from 100 to 1,000 acres. However, tt did 
cause total machinery costs per acre to increase, particularly time­
liness costs, and also increased the variability of these costs from 
year to year. 
A rise in the expected gross revenue (yields and/or prices) 
from corn and soybeans caused the average size of the least-cost 
machinery sets to be larger- in order to reduce timeliness costs 
and take advantage of the higher marginal tax rate. Overall costs 
were lower because of the greater tax savings. 
When more labor and field hours per day were available, the 
size of the machinery set which minimized total machinery costs at 
each acreage level was smaller. The extended hours caused timeliness 
costs, total costs and the variability of total costs all to be 
lower than when field and labor hours were more restricted. 
There was very little difference between the sizes of the 
least-cost machinery sets in norhtern and southern Iowa. In the 
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central region, however, the average size of the least-cost sets 
was slightly smaller. Differences among the three regions had little 
effect on the average values of any of the machinery cost components, 
but total costs in northern Iowa were more variable than in the other 
two regions. 
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CHAPTER V. MACHINERY SELECTION UNDER UNCERTAINTY 
In the second chapter several strategies for including variabili­
ty of costs in the criteria for choosing the optimum machinery set 
were discussed. These included the expected cost, variance frontiers; 
semi-variance analysis; upper confidence limit (minimax) strategy 
and the maximum affordable loss criterion. Each of these will be 
demonstrated using the total cost estimates obtained under the 
initial set of parameter values. One additional method will be 
discussed, also; this method involves choosing the machinery set 
with the smallest cost variance from among those sets found to be 
least-cost at each acreage level. 
The importance of considering variability as well as level of 
costs is illustrated by Figure 5.1. Estimated total costs for each 
year from 1958 through 1977 are shown for two machinery sets, the 
six-row medium and the twelve-row extra large, for 700 crop acres. 
Although these two sets were not least-cost at 700 acres, their 
average costs were less than $1.00 higher than those of the least-
cost sets. The difference in mean values for total cost per acre for 
each set was only $.09 per acre, not significant at the .01 confidence 
level. Yet, as seen from the graph, the cost of the six-row set was 
considerably higher or lower than the cost of the twelve-row set in 
most years, depending on the number of suitable field days available 
in each particular year. A risk-averse individual would certainly 
choose the twelve-row set over the six-row set in this case, because 
$/acre 
50 
45 
40 
35 
30 
25 
- - six-row medium 
twelve-row extra large 
J  1 , 1  I  I  I  I  I  I  i  1  1  1  1  1  1  1  L  
1958 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 
Year 
en ID 
Figure 5.1. Annual total cost per acre for two machinery sets, 700 crop acres 
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he could reduce the variability associated with total machinery costs 
without significantly increasing their long-run expected value. 
Table 5.1 shows the standard deviation for each machinery set 
from 100 to 1,000 acres. Except at the 100 acre level, where varia­
tion was very small, the standard deviation was inversely related to 
the size of the machinery set. The primary source of variation in 
total costs was the timeliness cost component, and as machinery size 
increased, timeliness costs became smaller and less variable. 
Differences in results obtained by including risk as a selec­
tion criterion occurred mostly from 200 to 800 acres under the initial 
assumptions. At 100 acres, differences in mean costs were very large 
while differences in the standard deviations were very small, so 
that the least-cost machinery set (four-row small) would be chosen 
as optimum under nearly any circumstances. Likewise, at 900 and 
1,000 acres the twelve-row extra large set had both the lowest mean 
cost and the lowest standard deviation, and would be considered 
optimum under any criterion which assumed a negative marginal utility 
for both costs and variability. 
Expected Cost, Variance Frontiers 
The expected cost, variance (E, V) map simply shows the estimated 
mean of the distribution of annual total costs associated with each 
machinery set and the variance (or some other measure of variability) 
of that distribution. Certain of the machinery sets represented by 
these points could never be chosen as optimal by operators for whom 
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the marginal utility for both costs and variability is negative 
because they have both a higher expected cost and a higher variability 
of cost than at least one other machinery set. Examples in Figure 
5.2 are the 6S, 6L, 8M, BL and BX machinery sets. 
The remaining sets have either a lower expected cost or a lower 
variability than each of the others, and thus make up a set of 
efficient points which lie on the E, V frontier. Figures 5.2 through 
5.6 show the combinations of expected total cost per acre (mean value 
estimated for 1958-1977) and the standard deviation of the total cost 
distribution for each of the ten machinery sets at 200, 300, 400, 500, 
600 and 700 acres. Those points representing sets which were tested 
and found to be efficient, i.e., with a lower cost and/or variance 
than other sets tested, are connected by a solid line. 
Connecting the efficient points of the E, v map represents only 
an estimate of the true E, V frontier. Only by estimating a total 
cost distribution for all possible combinations of machinery sizes 
at each acreage could the true E, V frontier for that number of crop 
acres be found. Nevertheless, the efficient points found among the 
ten sets tested provide approximations of the shape of the true E, V 
frontiers. 
It should be noted that Figures 5.2 through 5.7 illustrate 
expected cost» variance frontiers rather than expected return, vari­
ance frontiers. For this reason the frontiers slope downward to the 
right rather than Upward to the right. Likewise, the corresponding 
cost, risk indifference curves would also slope downward to the right. 
Table 5.1. Standard deviation of total cost distribution, under initial assumptions 
Machinery set 100 200 300 
Crop acres 
400 500 600 700 800 900 1000 
Four-row small .67 1.50 2.82 3.04 4.57 9.54 26.00 34.56 35.89 36.33 
Four-row medium .57 1.22 1.72 3.04 3.43 7.51 16.16 30.09 35.03 37.86 
Six-row small .57 1.35 1.95 3.21 2.34 3.20 4.85 10.06 16.99 24.27 
Six-row medium .64 1.09 1.41 1.57 1.97 2.26 3.60 6.36 9.34 13.81 
Six-row large .58 1.27 1.24 1.38 1.77 1.88 2.82 4.84 7.14 9.99 
Eight-row medium .57 1.27 .78 1.15 1.69 1.63 2.20 2.87 3.48 4.09 
Eight-row large .58 1.32 1.16 1.02 1.39 1.42 1.73 2.18 2.63 3.23 
Eight-row extra large .59 1.44 .56 1.68 1.86 1.26 1.44 1.90 2.26 2.90 
Twelve-row large .62 .70 .54 .78 .92 1.29 1.22 1.49 1.73 1.91 
Twelve-row extra large .64 .55 .47 1.24 .73 1.10 1.10 1.19 1.51 1.61 
Mean 
$/acre 
12X 
12L 160 
140 
120 
100 
.25 .50 .75 1.00 1.25 1.50 
Standard deviation, $/acre 
Figure 5.2. Expected mean cost, variance map for 200 acres 
Mean 
$/acre 
_L X _L 
.50 1.00 1.50 2.00 2.50 
Standard deviation, $/acre 
3.00 
Figure 5.3. Expected mean cost, variance map for 300 acres 
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assuming risk aversion. One possible cost, risk indifference curve 
is illustrated by 1^ in Figure 5.4. A more steeply sloped indifference 
curve would represent a more risk-averse decision maker, that is, 
one who is willing to accept a greater increase in expected cost 
in return for the same reduction in variability than other producers. 
The optimal machinery set is the one for which the combination 
of expected cost and variability lies on the Indifference curve 
closest to the origin. When the E, V frontiers are not continuous 
and/or not perfectly concave to the origin, more than one machinery 
set can be optimal. For example, in Figure 5.4, both the 8L and 6L 
sets lie on the indifference curve 1^. Since no other sets lie 
below I^, the 8L and 6L sets both provide the highest possible level 
of utility among the ten machinery sets tested. 
The actual optimal machinery set at each acreage level cannot 
be determined without knowing the shape of the indifference curves 
for each individual producer, or at least something about his trade­
offs between risk and costs. 
Using the standard deviation of total costs as a measure of 
variability allows both axes of Figures 5.2 through 5.7 to be 
measured in dollars per acre. It can be seen that in most cases the 
estimated variability was small in relation to total costs. The 
ratio of the standard deviation to the mean, or coefficient of 
variation, was less than .05 in most cases. Selecting those machinery 
sets on the upper left portion of the E, V frontiers would require 
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a substantial increase in costs in return for a relatively small 
decrease in variability. 
Some machinery sets appeared to give up fewer cost savings in 
exchange for substantial reductions in risk than others. These sets 
appear at the left end of the more horizontal portions of the E, V 
frontiers. For example, at 200 acres (Figure 5.2) the 4M set 
offers a lower variability than the 4S set at only a slightly higher 
cost. This is also true at the 300 acre level (Figure 5.3). For 
the highly risk-averse individual the 8X machinery set is a likely 
choice at 300 acres since it had only a slightly higher variability 
than the twelve-row sets, but an expected cost of about $10 per acre 
less. 
Figure 5.4 shows that at 400 acres the 8L set offers lower risk 
than the 8M set, with no added cost. The 6L set has a standard 
deviation less than half as large as the four-row sets, for about $5 
per acre additional cost. 
At 500 acres (Figure 5.5) the 6L set would be chosen under a 
broad range of values for the slopes of the indifference curves. 
At 700 acres there was very little difference in average total costs 
(less than $2 per acre) among the six-row, eight-row and twelve-row 
sets, but a considerable difference in variability. Selecting the 
12X machinery set would minimize risk in return for a small increase 
in expected cost over the other least-cost (6L, 8L, 8X) sets. 
Mean ioy  
$/acre 121 
\ 
\ 
\6L 
4S 
1 2 3 
Standard deviation, $/acre 
Figure 5.4. Expected mean cost, variance map for 400 acres 
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Figure 5.7. Expected mean cost, variance map for 700 acres 
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The E, V map at 800 acres is not shown, but was very similar to 
Figure 5.7 for 700 acres. At 900 and 1,000 acres the twelve-row 
extra large set had both the lowest cost and the smallest standard 
deviation, making it the only efficient set of the ten, and the only 
possible choice for the optimal set. 
As the number of crop acres increased there was a tendency for 
the projected E, V frontiers to become flatter, that is, the differences 
in the means of the cost distributions of the efficient sets became 
smaller while differences in the standard deviations became larger. 
Certain machinery sets appeared on the projected E, V frontiers 
more often than others. For example, the 4M set was an efficient 
set at 200-500 acres, while the 6L set was efficient from 300 to 
700 acres. The 12L set was on the projected frontier at each acreage 
level from 200 to 500 acres, while the 12X set was on the frontier 
at each level from 200 to 700 acres, except at the 400 acre level. 
This indicates that these particular machinery sets are most apt 
to provide producers with the combination of expected costs and 
variability which they desire. Other sets are less likely to be 
chosen as optimal. For example, the 6S was not estimated to be 
an efficient set at any acreage level, so would never be chosen as the 
optimal set. 
For Illustrative purposes a producer with an indifférence curve 
with a slope of ten was assumed, that is, he is willing to accept $10 
per acre in higher expected costs to reduce the standard deviation 
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of his total costs by $1. Table 5.2 shows the machinery sets which 
were chosen as optimal under this assumption, and compares them with 
the least-cost sets under the initial assumptions. The optimal sets 
chosen under the E, V criterion were also least-cost sets at 100, 
900 and 1,000 acres, but on the whole larger machinery sets were 
chosen when variability was introduced than when cost minimization 
was the sole criterion for selection. The difference in average 
total cost per acre for the optimal sets under the two criteria 
ranged from zero or a few cents to over $7 at the 400 acre level. 
The difference is called the "risk premium" and represents the 
expected cost to the producer of risk reduction. 
An indifference curve with a diminishing rather than a constant 
marginal rate of substitution of risk for cost might be more realis­
tic, but would probably not greatly affect which sets were optimal 
if the average slope were around ten. Likewise, varying the slopes 
of the indifference curves from approximately five to twenty would have 
little effect on which machinery sets were chosen as optimal. This 
is because in most cases there were a few sets which were considerably 
closer to the origin than the other sets on the E, V frontier. 
Expected Cost, Semi-variance Frontiers 
An alternative means of ranking machinery sets considering both 
expected level and variability of costs is the expected cost, semi-
variance criterion. Rather than measure variability by finding the 
deviation from the mean for each observation, only those observations 
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Table 5.2. Optimal machinery sets using E, V and least-cost criteria 
Crop acres 
LU 
Least-cost Cost difference 
100 4S 45 $ .00 per acre 
200 4M 4S 3.79 
300 4M 4S 2.41 
400 6L 45 7.09 
500 6L 4M 1.12 
600 8X 6L 1.17 
700 12X 6L. 8L. 8X .73 
800 12X 6L, 8X .00 
900 12X 8X, 12X .04 
1000 12X 12X .00 
Mean hours 
per acre 1.32 1.55 
Mean field days 41.7 50.7 
®Slope of ten assumed for indifference curves. 
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above the mean (for a cost distribution) are considered. The resulting 
measure is called the semi-variance, and the plot of the mean and 
semi-variance of each alternative machinery set is the expected 
cost, semi-variance (E, S) map. 
Figures 5.8 through 5.12 show the E, S maps estimated for the 
ten machinery sets under the initial set of assumptions for 200 through 
700 acres. A comparison of the E, S maps with the E, V maps in 
Figures 5.2 through 5.7 shows a great deal of similarity. In fact, 
the relative location of the various points is practically identical 
at each acreage level. The solid line connecting the efficient points 
is a projection of the E, S frontier, which is a locus of points 
representing machinery sets which have lower mean cost and/or a 
lower semi-variance than each of the other sets. 
The explanation of the similarity of the E, S and E, V maps 
lies in the fact that the cost distributions for all the machinery 
sets are skewed in the same direction and to a similar degree. The 
skewness occurs because of the skewed distribution of suitable field 
days, resulting in a few very high cost years in which timeliness 
penalties are severe, and a greater number of lower cost years in which 
timeliness costs are minimal. Figures 5.14 and 5.15 show examples 
of cost distributions for two machinery sets, the 4S and 8L sets 
at 500 acres. Since the cost distributions are all skewed to the 
lower end (left), considering only those years in which observations 
were above the mean had essentially the same effect on the variability 
measurement for each machinery set, and the resulting rankings were 
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largely unchanged. If the semi-variance technique were applied, for 
example, to two distributions with the same mean and variance, one 
of which was skewed to the left and one of which was skewed to the 
right, the E, S results would be quite different from the E, V results. 
Taking into account only the observations above the mean would give 
the right-skewed distribution a higher measurement of variability 
than the left-skewed distribution, while considering only the ordinary 
variance, the two distributions would receive equal rank. In the 
case of machinery selection, where the cost distributions for each 
set is skewed in the same direction and to a similar degree, decisions 
made according to the mean, semi-variance criterion would be nearly 
identical to those made under the mean, variance criterion. 
Using the same assumed indifference curve as for the E, V 
analysis, with ten as the marginal rate of substitution of cost for 
standard deviation an optimal machinery set can be identified at 
each acreage level. Table 5.3 lists these sets and compares them to 
the least-cost sets under the initial assumptions. From 200 through 
800 acres a machinery set larger than any of the least-cost sets 
was chosen under the E, S criterion. At 400 and 500 acres a larger 
set was designated as optimal than under the E, V criterion, but at 
all other acreage levels the choices were identical. 
Cost, Variance Minimization 
In the preceding chapter» it was shown that under certain 
assumptions two or more machinery sets may be least-cost, that Is, 
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Table 5.3. Optimal machinery sets using E, S and least-cost 
criteria 
Crop acres E, S Least-cost Cost difference 
100 4S 4S $ .00 per acre 
200 4M 4S 4.79 
300 4M 4S 2.41 
400 8L 4S 10.95 
500 12X 4M 8.82 
600 8X 6L 1.17 
700 12X o\
 
r
- CO
 
1—
 
Co
 
X
 
.73 
800 12X 6L, 8X .00 
900 12X 8X, 12X .04 
1000 12X 12X .00 
Mean hours 
per acre 1.25 1.55 
Mean field days 39.4 50.7 
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their expected costs are not significantly different from each other 
but are lower than those of all the other machinery sets considered. 
If cost is the only factor considered in selection of the opti­
mal set, then all the least-cost sets are equally desirable. However, 
if cost variability is also a consideration, then the least-cost set 
with the lowest variability of total costs is preferred over the 
others. In general, this will be the largest of the least-cost sets 
at each acreage level. 
This strategy assumes that cost minimization is the primary goal 
of the producer and risk reduction is a secondary consideration. 
It should be recognized that some very risk-averse individuals might 
prefer a machinery set with expected costs somewhat higher than the 
minimum achievable, but which provided more protection against a large 
loss in any one year. 
Table 5.4 lists the optimal machinery sets chosen under the 
initial assumptions after eliminating all the sets which were not 
least-cost and then choosing the set with the smallest standard devia­
tion at each acreage level. The optimal sets were the 45 from 100 
to 400 acres, the 4M at 500 acres, the 6L at 600 acres, the 8X at 
700 and 800 acres, and the 12X at 900 and 1,000 acres. These are the 
same as the least-cost sets, except at 700, 800 and 900 acres where 
the largest of the least-cost sets was chosen. This caused the 
mean number of hours per acre and total field days to be slightly 
smaller than for all the least-cost sets. However, these values were 
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Table 5.4. Optimal machinery sets under cost variance minimization 
and least-cost sets 
Crop acre 
Least-cost set with 
minimum variance Least-cost sets 
100 4S 43 
200 4S 4S 
300 4S 45 
400 45 45 
500 4M 4M 
600 61 6L 
700 8X en
 
r
- 00
 
r
- 00
 
X
 
800 8X 6L, 8X 
900 12X 8X, 12X 
1000 12X 12X 
Mean hours per acre 1.52 1.55 
Mean field days 49.0 50.7 
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still larger than for the optimal sets in the E, V and E, S examples, 
since no trade-off of higher costs for lower variability was allowed. 
The optimal sets were selected from among the least-cost sets, so 
there were no significant risk premiums. 
The strategy of selecting the least-cost sets and choosing the 
one with lowest variability is relatively simple to apply since 
it merely requires estimating the expected cost and standard devia­
tion for each machinery set. In fact, it is not strictly necessary 
to know the standard deviations, since the largest set generally has 
the smallest variability. The only selection parameter which must 
be specified is the level of confidence used for identifying the 
least-cost sets. For lower confidence levels, more machinery sets 
tend to be least-cost, since differences in long-run average costs 
have to be larger in order to be significant. 
Upper Confidence Limits (Minlmax) 
Another procedure for choosing the optimum machinery set involving 
both the level and variability of total costs is the "minimax" 
strategy. This strategy requires estimating an upper confi­
dence limit for each machinery set, which measures the maximum total 
cost likely to result from that set at a given acreage level. The 
upper confidence limit is calculated by equation 2.8. The machinery 
set with the lowest upper confidence limit is then chosen as the 
optimal set. 
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The mi nimax or upper confidence limit method for selecting the 
optimum machinery set bases the decision only on the worst expected 
result; results expected in the other years are ignored. The goal 
is to maximize the chances for survival of the business rather than 
minimize total machinery costs. For example, if a farmer wants to 
know the maximum total cost he can expect from a machinery set nine 
years out of ten, he computes the upper confidence limit for that set 
which corresponds to the .90 level of confidence. When the sample 
size is twenty (years of weather data) the .90 upper confidence limit 
is 1.73 standard deviations above the mean. 
The more stress the farmer places on avoiding large losses, 
i.e., very high total machinery costs, the larger the value he must 
choose for the level of confidence for the maximum expected cost: 
that is, he should base his decision on the maximum expected cost 
19 years out of 20, or 99 years out of 100, for example, instead of 
nine out of ten. At a higher confidence level, the values for the 
upper limits for total costs depend more on the standard deviations 
and less on the means, causing the upper limits for the smaller 
machinery sets to increase faster than those for the larger sets. 
This is because the standard deviations for total machinery costs 
vary inversely with machinery size. Hence, the more risk-averse 
the decision maker is, the larger his optimum set of machinery will 
be for a given acreage. 
Table 5.5 shows the .90 upper confidence levels for total costs 
for the ten machinery sets tested under the initial set of assumptions. 
Table 5.5. Upper confidence levels of average total machinery costs 
Machinery set 100 200 
Crop acres 
300 400 500 600 
Four-row small $214.67® $105.47® $73.44® $56.18® $51.66 $58.96 
Four-row medium 225.92 108.77 73.96 56.82 48.84 53.89 
Six-row small 255.69 120.78 80.93 61.14 48.48 43.63 
Six-row medium 272.45 125.16 82.80 60.88 47.67 41.21 
Six-row large 278.88 127.32 83.27 60.39 47.09® 39.92® 
Eight-row medium 311.09 140.20 88.66 63.99 50.03 41.47 
Eight-row large 317.47 142.09 89.99 63.64 49.15 40.46 
Eight-row extra large 325.51 145.87 91.24 66.03 50.58 40.02 
Twelve-row large 363.27 162.30 99.87 69.77 53.31 41.92 
Twelve-row extra large 371.27 165.92 101.36 71.76 53.00 41.70 
Optimum machinery set. 
Table 5.5. Continued 
Machinery set 700 
Crop acres 
800 900 1000 
Four-row small $101.80 3136.45 $153.21 $166.39 
Four-row medium 73.99 116.69 136.57 152.11 
Six-row small 41.96 50.74 65.87 83.73 
Six-row medium 38.54 40.80 45.13 54.41 
Six-row large 36.22 36.17 38.46 42.82 
Eight-row medium 36.54 33.16 30.56 28.73 
Eight-row large 34.93 30.64 27.64 25.64 
Eight-row extra large 34.24® 29.83 26.42 24.44 
Twelve-row large 34.74 29.92 25.68 
25.04* 
22.34 
Twelve-row extra large 34.31 29.19* 21.37® 
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At each acreage level the standard deviation decreased as machinery 
size increased. However, at the smaller acreage levels, particularly 
from 100 to 400 acres, the mean increased enough to offset this, so 
that the smallest machinery set, the four-row small, had the lowest 
upper limit on total costs. At the higher acreage levels, the time­
liness costs for the smaller machinery sets became higher, causing 
both the mean and standard deviation to increase, and making the 
upper confidence limits for the small machinery sets much greater 
than for the large sets. The overall effect was for the size of the 
optimal machinery set to increase as the number of acres increased, 
just as when only total costs were considered. 
Table 5.6 lists the machinery sets which were optimal under the 
upper confidence limit criterion at both the .90 and .99 confidence 
levels, and compares them to the least-cost machinery sets under the 
initial assumptions. The sets which were optimal at the .90 level 
were the 4S from 100 to 400 acres, the 6L at 500 and 600 acres, the 
8X at 700 acres and the 12X set from 800 to 1,000 acres. At each 
acreage level except 500 and 800 the optimal set under the upper 
confidence limit criterion was also one of the least-cost sets, so 
that the difference in average total costs or "risk premium" was 
zero or only a few cents. At the 500 acre level the risk premium 
was $1,12 per serf and at 800 acres it was $.58 per acre. The 
mean machinery size was larger (hours per acre and total field days 
were smaller) than for the average lsast=ccst machinery size. 
Table 5.6. Optimal machinery set under least-cost and upper confidence level criteria 
Crop acres .90 .99 Least-cost .90 .99 
100 4S 4S 4S $ .00 o
 
o
 
200 4S 4S 45 .00 .00 
300 4S 4M 4S .00 2.41 
400 4S 4S 4S .00 .00 
500 6L 6M 4M 1.12 1.35 
600 6L 8X 61 .00 1.17 
700 8X 12X 6L, 8L, 8X .00 .73 
800 12X 12X 6L, 8X .58 .00 
900 12X 12X 8X, 12X .00 .00 
1000 12X 12X 12X .00 .00 
Mean hours per acre 1.40 1.45 1.55 
Mean field days 44.1 46.1 50.7 
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When the confidence level was raised to the .99 level, slightly 
larger machinery sets were found to be optimal at the 300, 600 and 
700 acre levels. The risk premiums were greater at this confidence 
level, but still ranged only from $.00 to $2.41 per acre. 
Choosing a machinery set by minimizing the worst possible result 
protects the farm business against a disastrous year. The procedure 
requires only an estimate of the mean and standard deviation for each 
machinery set, plus a designated level of confidence for estimating 
the upper limits for total machinery costs. However, varying the 
confidence level from .90 to .99 did not greatly affect the size 
of the optimal sets. The optimal sets were, in general, larger than 
the least-cost sets, but the cost of the protection against risk 
from choosing these sets amounted to only $1 to $2 per acre in most 
cases, which may be a small price to pay for the degree of risk 
reduction achieved. 
Maximum Affordable Loss 
The maximum affordable loss criterion for choosing a machinery 
set is similar to the upper confidence limit criterion In that it 
seeks to avoid a disastrous year, while still keeping total costs 
low. 
To use this procedure, the producer must decide what 1s the 
highest level of machinery costs he can stand in any one year. This 
will depend on expected gross revenue, cash production costs, cash 
commitments for land and other fixed investments, and overall f1nan-
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ci al security. Then for each machinery set under consideration an 
estimate is made of the probability of total machinery costs being 
equal to or greater than the maximum affordable loss. The set for 
which this probability is smallest is chosen as the optimal set. 
The actual probability in number of standard deviations can be 
estimated by dividing the standard deviation into the difference 
between the mean and the maximum affordable loss. This can then be 
converted to a probability level with a student t-distribution table 
(25, p. 549). 
To illustrate the maximum affordable loss procedure it was 
assumed that a producer wants to minimize the chances that his total 
machinery costs would exceed $25,000 in any one year. The maximum 
affordable loss would range from $250 per acre at 100 acres to $25 
per acre at 1,000 acres. To present a meaningful example of the use 
of this criterion, the maximum affordable loss was deliberately 
assumed to be close to the expected total costs for at least several 
of the machinery sets at each acreage level. While a constant 
maximum affordable loss per acre might be more realistic, if the 
expected cost for a machinery set is more than about three standard 
deviations above or below the maximum affordable loss, the probability 
of exceeding the maximum affordable loss approaches one or zero, 
respectively. When the probabilities for the sets are all one or all 
zero there is no basis for choosing an optimal set. 
Table 5.7 shows the probability of exceeding the maximum afford­
able loss for each acreage level and each machinery set. At the 
Table 5.7. Probability of exceeding the maximum affordable loss under initial assumptions 
100 200 300 400 500 600 700 800 900 1000 
Maximum affordable loss $250 $125 $83 $62 $50 $42 $36 $31 $28 $25 
Four-row small .00* .00* .00* .00* .09 .53 .79 .90 .95 .98 
Four-row medium .00* .00* .00* .00* .03 .41 .73 .86 .91 .94 
Six-row small 1.00 .00 .01 .03 .01 .14 .33 .58 .69 .75 
Six-row medium 1.00 .07 .04 .01 .00* .03 .18 .41 .55 .65 
Six-row large 1.00 .54 .07 .00 .00* .01 .07 .24 .41 .52 
Eight-row medium 1.00 1.00 1.00 .50 .05 .04 .10 .15 .18 .21 
Eight-row large 1.00 1.00 1.00 .45 .02 .01 .02 .03 .05 .07 
Eight-row extra large 1.00 1.00 1.00 .75 .09 .00* .01 .01 .02 .03 
Twelve-row large 1.00 1.00 1.00 1.00 .96 .07 .01 .01 .00* .00* 
Twelve-row extra large 1.00 1.00 1.00 1.00 .99 .05 .00* .00* .00* .00* 
•Optimal sets 
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lower acreage levels the standard deviations were small while the 
range of average total costs was large. Therefore, for most sets 
the probability was practically zero or nearly 100 percent, depending 
on whether the mean was below or above the maximum affordable loss. 
At the higher acreage levels, the standard deviations were larger 
and the range among the average costs for the different machinery 
sets was smaller, so that the probabilities were more evenly 
distributed between zero to one. 
According to the maximum affordable loss criterion the optimal 
machinery set is the one with the lowest probability of exceeding 
the maximum affordable loss. At each acreage level there was at 
least one machinery set for which this probability approached zero. 
Table 5.8 lists these sets and compares them to the least-cost sets. 
From 100 to 400 acres, both the four-row small and the four-row 
medium sets had the lowest probability of exceeding the maximum 
affordable loss. Other optimal sets were the 6M and 6L at 500 acres, 
the 8X at 600 acres, the 12X alone at 700 and 800 acres, and both the 
12L and 12X sets at 900 and 1,000 acres. 
The size of the optimal set (or the average size where more 
than one set was optimal) under the maximum affordable loss criterion 
was larger than the average size of the least-cost machinery sets 
at every acreage level except 1,000. The mean size both In field 
hours per acre and total field days was significantly larger than 
for the least-cost sets. The difference in average total costs or 
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Table 5.8. Optimal machinery sets using the maximum affordable 
loss and least-cost criteria 
Crop acres 
Maximum 
affordable loss Least-cost Cost difference 
100 4S, 4M 4S $5.71 per acre 
200 4S, 4M 4S 1.90 
300 4S, 4M 4S 1.21 
400 4S, 4M 45 .33 
500 6M, 6L 4M 1.24 
600 8X 6L 1.17 
700 12X 6L, 8L, 8X .73 
800 12X 6L, 8X .00 
900 12L, 12X 8X, 12X .09 
1000 12L, 12X 12X .22 
Mean hours 
per acre 1.39 1.55 
Mean field days 43.0 50.7 
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the risk premium was $5.71 at 100 acres, but less than $2 at all 
other acreage levels. As with the other optimality criteria, the 
optimal machinery sets under the maximum affordable loss criterion 
tended to be larger than the least-cost sets, but the price paid 
for risk reduction was relatively low. 
Use of the maximum affordable loss criterion presents some 
practical problems. As with the other criteria the mean and standard 
deviation of the total cost distribution for each machinery set 
must be estimated. In addition, an estimate of the highest acceptable 
level of total machinery costs for any one year must be made. 
While this figure may be in terms which are more familiar to producers 
than standard deviations or confidence levels, it still may be 
difficult to evaluate. 
In addition, unless the maximum affordable loss is close to the 
mean cost for a particular machinery set (within $5 to $10 per acre 
for the initial assumptions), the probability of exceeding it 
approaches zero or one. Where this is true for all of the machinery 
sets at a particular acreage level, or even if a majority of the 
sets have a zero or one probability, the information provided by 
calculating the probabilities is of little use, since most or all 
of the sets will be equally acceptable or unacceptable. Of course, 
what this actually means is that the variability of total machinery 
costs as estimated in this study, except when the smallest machinery 
sets are used at the highest acreage levels* is so small that the 
probable range of costs for a particular machinery set over the years 
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is narrow-, and will either exceed the maximum affordable loss in 
most years or not at all. In this case, the mean cost alone may be 
sufficient to evaluate whether or not costs for a particular 
machinery set are likely to exceed the maximum affordable loss. 
Summary 
All of the criteria discussed in this chapter have one character­
istic in common: variability of total machinery costs from year to 
year as well as the estimated mean cost is considered in selecting the 
optimum machinery set. It was assumed that lower costs and variability 
are preferred to higher levels of each. 
Table 5.9 summarizes the machinery sets which were designated 
optimal using each criteria when the assumptions specified earlier 
about risk preference were made. In general, the sets chosen under 
all of the criteria which included cost variability were larger 
than those selected under a strictly least-cost procedure. The 
E, V and E, S map criteria, with an assumed marginal rate of substi­
tution of mean cost for standard deviation of ten, tended to produce 
the largest optimal sets, while choosing the set with the minimum 
variance from among the least-cost sets produced optimal sets 
which were only slightly larger than the average of all the least-
cost sets. The upper confidence limit (assuming confidence levels 
of .90 and .99) and maximum affordable loss criteria (with a $25,000 
maximum loss) produced intermediate results. 
Table 5.9. Optimal machinery sets under alternative selection criteria 
Cost, .90 upper Maximum 
Least- E, V E, S variance confidence affordable 
Crop acres cost map map minimization limit loss 
100 4S 4S 4S 4S 4S 4S, 4M 
200 4S 4M 4M 4S 4S 4S, 4M 
300 4S 4M 4M 4S 4S 4S, 4M 
400 4S 61. 8L 4S 4S 4S, 4M 
500 4M 61. 12X 4M 6L 6M, 6L 
600 6L 8): 8X 6L 6L 8X 
700 6L, 8L, 8X 12): 12X 8X 8X 12X 
800 6L, BX 12)( 12X 8X 12X 12X 
900 8X, 12X 12X 12X 12X 12X 12L, 12X 
1000 12X 12)[ 12X 12X 12X 12L, 12X 
Mean hours per acre 1.55 1.32 1.25 1.52 1.40 1.39 
Mean field days 50.7 41. 7  39.4 49.0 44.1 43.0 
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At 100 acres the smallest machinery set considered, the four-row 
small, was chosen as optimal under all the criteria. At 200 and 300 
acres the 4S and/or 4M set were found to be the optimal sets under 
all criteria, with each being optimal about an equal number of 
times. With 400 acres of crop land the four-row sets were also 
chosen, except under the E, V and E, S map criteria, where the 6L 
and 8L sets were chosen, respectively. 
At 500 acres various sets were optimal, ranging from the 4M all 
the way up to the 12X. The 6L set was chosen most often, however. 
The 6L or the 8X set was optimal under all criteria at the 600 acre 
level. 
With 700 acres of crop land the largest available set, the 
twelve-row with the extra large tillage machines was optimal under 
three criteria, while the eight-row set with the same tillage machines 
was optimal under the other two. The 12X set was optimal under all 
but one of the variability criteria at 800 acres, and under all of 
them at 900 and 1,000 acres. 
It must be emphasized that differences observed in the optimal 
machinery sets chosen under each criterion are due as much to the 
assumptions made about risk-bearing ability and preferences in each 
case as to the characteristics of the criteria themselves. Although 
an attempt was made to make realistic assumptions for illustrating each 
criterion, there is no guarantee that they all reflect comparable 
attitudes and financial positions. 
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Each of the criteria discussed for selecting machinery under 
conditions of uncertainty requires that some assumptions about risk 
be made before an optimum machinery set can be chosen. The mean, 
variance map and the mean, semi-variance map require knowledge of 
the farmer's utility function, or at least his marginal rate of sub­
stitution of variability for mean cost, so that a point of tangency 
with an indifference curve can be identified. In terms of practical 
application, this information would be difficult to elicit. 
Selecting an optimal set by choosing the least-cost set with 
the smallest variance requires only a judgment as to the level of 
confidence desired in determining which machinery sets are actually 
least-cost. This can be expressed as a level equal to so many years 
out of ten. 
The upper confidence limit criterion requires a determination 
of the level of confidence at which the maximum tctal cost is to 
be estimated. The farmer could express the confidence level in terms 
of the number of years out of ten (or twenty or fifty, etc.) he was 
willing to allow actual costs to exceed the estimated maximum. This 
is the only assumption about risk which is required. The values 
given would be a subjective estimate, but as was shown earlier, the 
results are not extremely sensitive to the confidence level chosen. 
The maximum affordable loss criterion fequlrts the farmer to 
estimate the largest financial loss he can withstand, which 1s 
probably feasible if records of production costs and cash flow 
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commitments are available. In this case, the value which the 
farmer is asked to estimate is one which would probably be more 
meaningful to him than something more abstract, such as a confidence 
level. However, use of this method implies that machinery size is 
the only source of variation in returns available to meet financial 
commitments, whereas in fact, product and price variability also 
have a great effect. The farmer should keep this in mind so as not 
to overestimate the maximum affordable loss due to machinery size 
alone. In addition, the maximum affordable loss must be within a 
relatively small range about the mean cost of a particular machinery 
set before the probability of exceeding it becomes relevant, i.e., 
some value other than zero or one. 
Although the primary source of variability of machinery costs, 
the number of days suitable for field work during certain periods 
each year, is quite variable, several things soften the effect on 
machinery costs. Income tax savings reduce real costs by a greater 
absolute amount in high cost years than in low cost years. The 
greater the marginal tax rate, the more costs are equalized from 
year to year. In addition, the farmer may have the option of working 
longer or changing the order and/or number of machinery operations 
in poor weather years. All these factors tend to reduce the varia­
bility of machinery costs from year to year. Where variability is 
high, it is usually the result of high timeliness costs, which 
raise the mean total cost as well. Therefore, although consideration 
214 
of cost variability in machinery selection may improve the survival 
chances of the farm business from year to year, selecting machinery 
strictly on a least-cost basis will probably not seriously endanger 
the continued existence of the farm business. 
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CHAPTER VI, OPTIMAL VERSUS ACTUAL MACHINERY CAPACITY 
In the preceding two chapters an attempt has been made to esti­
mate the optimal machinery set and capacity for a number of different 
farm situations. In this chapter these optimal machinery capacities 
will be compared to the actual machinery capacities possessed by a 
sample of Iowa farmers. 
The sample of Iowa farmers to be used for comparison was drawn 
from a group who participated in the Iowa State University Cooperative 
Extension Service's CROP-OPT seminars in 1975, 1976 and 1977. This 
is the same sample used to estimate ranges of values for several of 
the parameters tested in the simulation model. As was demonstrated 
in Chapter III, the sample is an accurate representation of the 
northerns central and southern regions of the state, but the 
average number of crop acres is greater than the average for all 
Iowa farms. 
It was not practical to simulate conditions for each individual 
farm in the sample in order to determine the size of the least-cost 
machinery set for that farm. Instead a linear regression equation 
was estimated using the results from the simulation analysis for the 
least-cost machinery size in hours per acre as a function of several 
key variables. The independent variables included were acres of 
crop land, gross revenue per acre, average labor hours per day 
(spring and fall) and proportion of acres devoted to corn. Data 
points were obtained from the sets of least-cost machinery sets 
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identified under the initial assumptions, high and lov/ gross revenue 
assumptions, high and low labor and field hours per day assumptions, 
and 50 and 100 percent corn assumptions. Only the coefficients for 
crop acres and labor hours were significant at the .10 level. 
The following equation was estimated from the simulation data 
and then used to estimate the size of the least-cost machinery set 
for each farm in the CROP-OPT sample: 
HRA = 2.138 - .00233A + .0415HRD (r^ = .90) (6.1) 
where 
HRA = size of the least-cost machinery set in hours per acre 
A = number of crop acres 
HRD = average hours of labor available per day in spring 
and fall 
Information supplied by the CROP-OPT participants about their 
fanning operations and equation 6.1 were used to estimate the size of 
the least-cost machinery set for each operation. Additional data 
concerning the time required to perform field operations on each 
farm were used to estimate the size of the actual machinery set in 
use. A comparison of these two figures showed that the farmers in 
the sample were on the average, using machinery sets very close in 
size to the estimated least-cost size. The average size of the 
machinery sets (measured by hours per acre) in use on 166 farms 
was 1.71 hours per acre and the average size of the least-cost 
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sets for the same farms was 1.70 hours per acre. This difference 
was not significant at the .01 level. No comparison was made for 
farms on which total crop acres exceeded 1,050, since this was beyond 
the range of values for crop acres used to estimate the regression 
equation. Twelve farms in the sample had more than 1,050 crop acres. 
Further analysis was done to determine if some types of farms 
had, on the average, machinery sets closer to the least-cost size 
than others. Table 6.1 shows the size of the actual and estimated 
least-cost machinery sets for farms of different acreages. The 
smaller farms tended to have machinery of larger than least-cost 
size while the larger farms tended to have machinery which was 
smaller than the least-cost size indicated by the simulation analysis. 
The difference between the average and least-cost machinery sizes 
was statistically significant at the .05 level for farms in the 150-
249, 250-349, 750-849 and 850-949 acre size groups. The correlation 
coefficient between the number of crop acres and the difference 
between the actual and least-cost machinery sizes was .76, which 
further supports the conclusion that as the number of crop acres 
farmed by each individual in the sample increased, the size of his 
machinery relative to the least-cost size decreased. 
Possible explanations for the excess machinery capacity 
observed on the smaller farms are a lack of availability of swaner-
sized machinery, a desire to reduce the chances of large timeliness 
losses, and plans for future expansion of the land base. Operators 
Table 6.1. Actual and least-cost machinery set sizes, by number of crop acres 
Average size of Average size of 
Number of actual machinery least-cost machinery Difference, Number 
crop acres set, hours per acre set, hours per acre hours per acre of farms 
50-149 1.92 2.30 -.38 5 
150-249 1.97 2.23 -.26* 22 
250-349 1.88 2.04 -.16* 30 
350-449 1.74 1.80 -.06 21 
450-549 1.61 1.59 .02 23 
550-649 1.48 1.48 .00 22 
650-749 1.41 1.35 .06 14 
750-849 1.45 1.18 .27* 18 
850-949 1.98 1.02 .96* 9 
950-1049 1.18 .80 .38 2 
Total 1.70 1.71 -.01 166 
•Significant at .05 level. 
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on the larger farms may underestimate the greater income tax 
savings from machinery costs on farms of higher acreages. Or the 
simulation model may have overestimated the marginal tax rates of the 
larger farms. Although constant values were assumed for nonmachinery 
deductible crop costs, including interest and/or rent for land, it 
is possible that the larger farmers had a relatively smaller equity 
in their owned land, or rented more acres. Either of these condi­
tions would place them in a lower income tax bracket. Fixed costs 
have a greater impact on tax savings than other costs, due to rapid 
depreciation and discounting of all costs to their present values. 
Therefore, lowering the marginal tax rates would decrease tax 
savings (increase total costs) more for the larger machinery sets 
than the smaller ones, and cause the least-cost machinery sets to be 
smaller in size. 
The data available about the farms in the CROP-OPT sample were 
not detailed enough to test the validity of any of these possible 
explanations. However, a valuable area for further research would 
be to make more detailed comparisons of the actual and least-cost 
machinery sizes for a variety of actual farms, and to test hypotheses 
about why some farms have more or less machinery capacity than 
needed to minimize total costs, including risk considerations. 
Table 6.2 shows the actual and least-cost machinery set 
sizes for farms with different hours of labor available per suitable 
field day. There was no apparent relationship between the size of 
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the labor supply on the farms included in the sample and whether the 
machinery set on each farm was larger or smaller than the least-cost 
size. In fact, for none of the six subgroups was there a significant 
difference between the sizes of the actual machinery sets and the 
estimated sizes of the least-cost machinery sets. This suggests that 
while not all farms had machinery sets of exactly the least-cost 
size, farms with a relatively small labor supply were no farther 
away from the least-cost machinery set than farms with more labor 
available. 
Table 6.3 shows the actual and estimated least-cost machinery 
set sizes for the farms in the CROP-OPT according to expected gross 
revenue per acre. The sizes of the actual machinery sets tended to 
become larger as the expected gross revenue per acre increased. The 
estimated sizes of the least-cost machinery sets did not follow 
quite the same pattern, but the differences between the actual and 
least-cost sizes were not significant for any of the three levels 
of gross revenue per acre. 
The evidence presented indicates that in general the farmers in 
the sample did not have excess machine capacity. As noted earlier, 
many analysts argue that farmers maintain excess machine capacity to 
reduce the risks of not getting cropping operations done in a timely 
fashion. Thus the results presented here suggest that the sample 
farmers did not place a great deal of emphasis on reduction of 
risk when selecting their machinery, since if they did they would 
Table 6.2. Actual and least-cost machinery set sizes, by hours of labor available per day 
Average size of Average size of 
Hours of labor actual machinery set, least-cost machinery Difference, Number of 
available per day hours per acre set, hours per acre hours per acre farms 
0-9.9 1.70 1.70 .00 22 
10-14.9 1.73 1.75 -.02 50 
15-19.9 1.70 1.72 -.02 54 
20-24.9 1.69 1.52 .17 28 
25-29.9 1.61 1.50 .11 7 
3D or more 1.44 1.68 -.24 5 
Total 1.70 1.71 -.01 166 
Table 6.3. Actual and least-cost machinery set sizes, by expected gross revenue per acre 
Expected gross Average size of Average size of 
revenue. actual machinery set. least-cost machinery Difference, Number of 
dollars per acre hours per acre set, hours per acre hours per acre farms 
$ 0-199 1.86 1.60 .26 20 
200-249 1.73 1.71 .02 93 
250 or more 1.57 1.65 -.08 53 
Total 1.70 1.71 -.01 166 
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have machinery somewhat larger in size than the least-cost sets. 
Alternatively, farmers may not buy excess capacity because they over 
estimate the increase in costs from owning larger machinery, perhaps 
by not fully considering the income tax savings. Furthermore, in 
many years short-run adjustments can be made which effectively 
increase machinery capacity, such as reducing the number of field 
operations, increasing the number of field hours per day, changing 
the mix of crops, or leasing or custom hiring extra machinery. This 
may make it unnecessary to own machinery larger than that needed 
for minimizing costs simply to reduce the chances of suffering 
high timeliness losses in a given year. 
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CHAPTER VII. SUMMARY AND CONCLUSIONS 
Costs of owning and operating farm machinery have accounted for 
30 to 40 percent of all expenses on Iowa crop farms during the past 
twenty-five years. The sizes and variety of farm machinery avail­
able are more numerous than ever. Determining the size of machinery 
which is most suitable for a particular farm involves a complex set 
of cost relationships and considerable year-to-year variability in 
weather conditions, which makes general recommendations about 
machinery size difficult to state. 
The farm operator is a good example of the classic case of 
an entrepreneur operating in perfectly competitive markets for both 
factors and products, with a production function which has a 
diminishing marginal physical product. In the case of grain pro­
duction crop acres can be used as a measure of output assuming the 
application of a specified set of technology, while decreases in 
yields due to late planting and harvesting can be considered as an 
added component of machinery costs. As production increases the 
average total cost curve for each machinery set falls at first, 
because fixed costs are spread over more units, then begins to 
rise when timeliness costs become increasingly large. The lower 
bounds of the average cost curves for all available machinery sets 
form the long-run average machinery cost curve for grain production. 
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The size of the machinery set which minimizes total machinery 
costs for a given level of production (acres) can be determined by 
expressing each cost component as a function of the capacities of 
the individual machines, summing, and setting the first derivative 
with respect to machinery capacity equal to zero. However, the 
forms of these functions range from quadratic to inverse. In 
addition, the indivisibility of machinery sizes and the interrelation­
ships of machinery capacities make this approach somewhat impractical. 
The same relationships can be used to estimate the costs for 
all of a limited number of machinery sets under a variety of 
conditions using budgeting techniques. The size of the least-cost 
set under each set of conditions can then be found by comparison. 
The timeliness costs for a particular machinery set depend 
greatly on the number of days suitable for field work in a year. 
Historical records show that the number of suitable field days is 
highly variable from year to year. The large variations in costs 
which result make it difficult to determine by experience what 
size of machinery is most suitable for a given farm. In particular, 
when costs are considerably higher than expected in a given year 
the financial security and survival of the business may be threatened. 
For this reason farmers may wish to have machinery which is larger 
than necessary for cost minimization in order to protect themselves 
against the risk of an unusually low number of days suitable for 
fieldwork and the high yield losses which result. 
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Methodology 
A mathematical simulation model was developed to estimate the 
performance and costs of ten different machinery sets for corn and 
soybean farms in Iowa. All costs were discounted to a present value, 
then multiplied by a capital recovery factor to estimate an annual 
equivalent cost per acre. Total machinery costs were defined as the 
sum of the annual equivalent values for the original purchase cost 
of each machine; property taxes, insurance and housing costs; fuel, 
lubrication and repair costs; the value of the operator's labor and 
timeliness costs, minus the savings in income taxes which would 
result from deducting the above costs from taxable income. 
Timeliness costs were estimated by simulating the beginning and 
ending dates for harvesting, tillage and planting of corn and soy­
beans and subtracting the expected yields from the maximum possible 
yields for each crop. This simulation was carried out using twenty 
sets of suitable field days data corresponding to observations made 
for the state of Iowa from 1958 through 1977. In this way both 
the mean and variance of the total cost distribution for each 
machinery complement and set of conditions was estimated. 
Results 
Costs were estimated for ten levels of total crop acres, ranging 
from 100 to 1,000. Other key parameters tested for their effect on 
optimal machinery selection were the proportion of total acres planted 
to corn, expected gross revenue per acre, labor and field hours 
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available per day and location within the state. 
An initial set of parameter assumptions was specified, based 
on averages obtained from a sample of participants in Iowa State 
University Cooperative Extension Service crop planning seminars 
(CROP-OPT) from 1975 through 1977. The number of labor hours avail­
able per day was assumed to vary directly with the number of crop 
acres. Spring labor varied from 8.5 hours per day at 100 acres to 
25.6 hours per day at 1,000 acres, while fall labor varied from 
11.0 to 24.5 hours per day over the same range of acres. Expected 
gross revenue per acre was approximately $250. Sixty-one percent 
of the crop acres were planted to corn and the rest to soybeans. 
A wage rate of $3.50 per hour and an interest rate of nine percent 
were assumed. 
When machinery size increased, fixed costs increased also, as 
shown in Table 7.1, which compares the smallest and largest machinery 
sets tested at 100 and I-MO acres. Fuel costs per acre were nearly 
constant for all the machinery sets, but repair and labor costs 
per acre decreased as machinery size increased because fewer hours 
of field time were required. Increasing machinery size also reduced 
timeliness costs, particularly at the higher acreage levels. For 
example, at the 1,000 acre level the four-row small set had yield 
losses worth $147 per acre, while losses of only $12 per acre were 
projected using the twelve-row extra large machinery set. 
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Table 7.1. Average machinery costs per acre under the initial 
assumptions 
Four-row small 
100 acres 
set. Twelve-row extra 
large set, 100 acres 
Fixed costs $233.79 $398.47 
Fuel and lubrication 12.33 11.46 
Repairs 1.84 .92 
Labor 9.25 4.19 
Timeliness 1.83 .66 
Tax savings (-) 45.53 45.53 
Total 213.52 370.18 
Standard deviation .67 .75 
Four-row small set. Twelve-row extra 
1000 acres large set, 1000 acres 
Fixed costs $ 24.31 $ 40.70 
Fuel and lubrication 6.70 7.96 
Repai rs 9.31 4.42 
Labor 9.25 4.73 
Timeliness 147.22 12.36 
Tax savings (-) 93.21 51.57 
Total 103.58 18.59 
Standard deviation 36.33 1.61 
Total cost, 
$/acre 
160 
120 
400 a. 
600 a. 
800 a. 
1000 a. 
2.0 1.5 1.0 
Machinery set size, hours per acre 
Figure 7.1. Total machinery costs per acre 
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Tax savings at 100 acres were equal for all machinery sets 
since machinery costs were high enough for every set to offset all 
taxable income and make the projected income tax liability equal 
to zero. At higher acreages tax savings were directly proportional 
to pre-tax costs. 
The effect of machinery size on total cost per acre varied with 
the number of crop acres. For example, at 100 acres average total 
cost per acre increased over the whole range of machinery sizes 
tested (from small to larger ones) while for 1,000 acres it decreased 
over the whole range. At 600 acres there was less than $3 per 
acre difference in total costs among all ten sets. In general, at 
the intermediate acreage levels total costs per acre first declined 
as machinery size increased, then rose. 
Figure 7.1 illustrates how total costs at five different 
acreage levels varied with machinery size measured in terms of 
field hours per acre. At all acreage levels except 100 acres, in= 
creasing the size of the machinery reduced the variability of total 
machinery costs. 
The average total cost for the least-cost machinery set under 
the initial assumptions decreased as the number of crop acres in­
creased, as shown in Table 7.2. This indicates that the long-run 
average cost curve for grain production was still declining at 
1,000 acres. Of course this assumes a constant level of management 
skills and capital availability at all acreage levels, which may not 
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always be true. 
Table 7.2 also shows the minimum total cost per acre at each 
acreage level when different values are assigned to several of the 
key parameters. Table 7.3 compares the size of the least-cost 
machinery sets with the various parameters. The effects of varying 
each parameter were explored in detail. 
Crop mix 
Increasing the proportion of crop acres planted to corn from 
50 to 100 percent caused slight increases in fuel, repair and labor 
costs. Timeliness costs also increased, particularly at the higher 
acreage levels, since early planting is more critical for corn than 
soybeans. Variability of costs was also higher when all acres were 
planted to corn. Total machinery costs per acre were higher as well, 
($30 vs. $19 at 1,000 acres, for example), due mostly to higher 
timeliness costs. 
The overall size of machinery needed to minimize total costs 
was not significantly affected by the change in crop mix, as shown 
in Figure 7.2. However, the size of the least-cost tillage and 
planting machinery for 100 percent corn was larger in relation to 
the size of the harvesting machinery, compared to when only half the 
acres were in corn. In fact» the sets with six-row harvesting 
equipment (12L, 12X) were not least-cost even at 1,000 acres when 
Table 7.2. Average total cost per acre for least-cost machinery sets 
Crop acres 
100 200 300 400 500 600 700 800 900 1000 
Initial assumptions $214 %103 $ 69 $ 51 $ 43 $ 37 $ 31 $ 27 $ 22 $ 19 
50% corn 214 103 68 50 42 36 31 26 22 19 
100% corn 214 107 74 62 49 41 35 32 31 30 
Low gross revenue 238 119 81 64 56 50 45 41 37 34 
High gross revenue 194 93 59 44 35 27 20 15 13 13 
Low labor and field hours 214 107 79 64 53 45 42 45 46 49 
High labor and field hours 214 102 67 49 40 34 29 24 20 17 
Northern Iowa 215 104 69 52 43 37 32 27 23 19 
Central Iowa 213 103 68 50 42 37 30 26 22 18 
Southern Iowa 211 102 68 51 43 37 31 26 22 19 
Table 7.3. Designation of the least-cost machinery sets 
100 200 300 400 
Crop acres 
500 600 700 800 900 1000 
Initial assumptions 4S 4S 4S 4S 4M 6L 6L,8L 6L,8X 8X,12X 12X 
8X 
50% corn 4S 4S 4S 4S 4M 43,4M 6L 6L,8X 6L,8X 12X 
6L 12X 
100% corn 4S 4S 4S 4M.6S 6L,8M 8X 8X 8X 8X 8X 
8L,8X 
Low gross revenue 4S 4S 4S 4S 4S,4M 4M,63 6L 6L,8L 8L,8X 8L,12L 
6S 6L 8L 12L,12X 12X 
High gross revenue 4S 4S 4S 4S,4M 4M,6M 6L 6L,8X 8X,12X 8X.12L 12L,12: 
6L 12X 
Low labor and field hours 4S 4S 4M 6L 8L,8X 8X,12X 12X 12X 12X 12X 
High labor and field hours 4S 4S 4S 4S 45 43,4M 4M,6M 6L 6L 6L.8X 
6L 12X 
Northern Iowa 4S 4S 4S 4S,4M 4S,4M 6L 6L 6L,8X 8X,12X 12X 
12X 
Central Iowa 4S 4S 4S 4S 4M 4M,6L 6L 6L,8X 8X 8X,12X 
Southern Iowa 4S 4S 4S 4S 4M,6M 6L 6L,8L 8X 8X 8X,12X 
6L 8X.12X 
Least-cost size. 
Hours per acre 
1.0 
1.5 -
2.0 -
200 
Figure 7.2. Percent of acres in 
ro 
OJ w 
I 
600 
Acres 
800 1000 
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no soybeans were planted. In contrast, these sets were frequently 
least-cost when the enterprise mix included only 50 percent corn. 
Gross revenue 
Increasing the expected gross revenue per acre from corn and 
soybeans from $182 to $319 caused the value of timeliness losses 
to increase in the same proportion. Added bushels also caused fuel, 
labor and repair costs to be slightly higher. However, the increase 
in gross revenue caused the marginal tax rate and the Income tax 
savings to be greater at each acreage level, and total costs were 
actually less than when lower prices and yields were assumed. At 
1,000 acres the minimum total cost per acre was only $13 under the 
high gross revenue assumptions compared to $34 under the low gross 
revenue assumptions (see Table 7.2). Variability of total costs 
was greater under the higher gross revenue assumptions, due to the 
increased timeliness costs. 
Higher timeliness costs also resulted in increased size of the 
least-cost machinery sets (Table 7.3). A greater investment could 
be justified in order to reduce yield losses. Figure 7.3 Illustrates 
the sizes of the least-cost sets under the low, initial and high 
gross revenue assumptions. 
Labor and field time 
Great variation exists among farms in the number of hours of 
labor available for field work each day, and to a lesser degree, 
in the number of hours per day planting and harvesting can be 
Least-cost size. 
Hours/acre 
1.0 
2 .0  -
200 
Figure 7.3. Gross revenue per acre 
high 
low 
M W tn 
600 800 1000 
Acres 
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carried out. As shown in Figure 7.4, increasing the number of labor 
and field hours per day significantly reduced the size of the 
machinery sets needed to minimize costs at each acreage level. For 
example, the smallest machinery set tested (four-row small) was 
least-cost through 600 acres when the high levels of field and labor 
hours were assumed, but only through 200 acres under the low level 
assumptions. At the other extreme, as shown in Table 7.3, the 
largest set tested (twelve-row extra large) was least-cost from 600 
acres through 1,000 acres when hours were limited, but only at the 
1,000 acre level when field and labor time was extended. 
Table 7.2 shows that total costs per acre were considerably 
higher when the low level of field and labor hours per day was 
assumed, and actually began to rise beyond 700 acres even for the 
least-cost sets. At 1,000 acres the minimum total cost per acre was 
$49 with low labor and field hour availability, compared to only 
$17 under the high level of labor and field hours. Differences 
were due mostly to differences in timeliness costs. Differences 
in total costs among the ten sets were much greater with fewer 
available labor and field hours per day, and were more variable, 
thus increasing the potential penalty for owning other than the 
least-cost size of machinery. 
Region 
A comparison of different regions within the state of Iowa 
revealed that northern Iowa has the fewest suitable field days 
Least-cost size. 
Hours/acre 
Tow 
200 400 600 
Acres 
Figure 7.4. Labor and field hours per day 
'medium 
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I 
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before April 25, on the average, but southern Iowa has the fewest 
suitable days during planting and harvesting periods. As shown in 
Figure 7.5, the average size of the least-cost machinery sets was 
slightly larger in southern Iowa than in the central region, at 
least from 400 to 800 acres. In general, the least-cost machinery 
size and average machinery costs were not greatly affected by 
location within the state of Iowa, but variability of number of 
suitable field days and total machinery costs was greatest in the 
northern region. 
Tax effects 
Total machinery cost estimates would have been considerably 
higher if income tax savings had not been subtracted. Table 7.4 
shows total costs per acre for the least-cost sets under the initial 
assumptions both before and after subtracting income tax savings. 
The pre-tax costs still include allowances for investment credit. 
At 100 acres tax savings amounted to 17 percent of total pre-tax 
costs, while at 1,000 acres they reduced total costs by 73 percent. 
However, tax savings had no significant effect on the sizes of the 
least-cost machinery sets, at least under the initial assumptions, 
as shown in Figure 7.6 
Variability 
In a number of cases differences in mean total costs among 
several machinery sets were small, but differences in variability 
Table 
Crop i 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
Average total costs and least-cost machinery sets under the initial assumptions 
Before subtracting After subtracting 
tax savings tax savings 
Least-cost set Cost per acre Least-cost set Cost per acre 
4S $259 45 $214 
45 146 45 103 
45 110 45 69 
45 95 45 51 
4M, .65 89 4M 43 
6L 83 6L 37 
6L, 8L, 8X 78 6L, 8L, 8X 31 
8L, 8X 75 6L, 8X 27 
8X, 12L, 12X 73 8X, 12X 22 
12L, 12X 70 12X 19 
Least-cost size. 
Hours/acre 
1.0 
Figure 7.5. Northern, Central and Southern Iowa 
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Hours/acre 
1.0  -
1.5 -
2.0 
Before 
taxes 
200 400 600 
Acres 
Figure 7.6. Before and after subtracting income tax savings 
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taxes 
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were great. Generally, cost variability decreased as machinery 
size increased. Several methods were illustrated by which the 
standard deviations as well as the means for the cost distributions 
of the various machinery sets could be considered in choosing the 
optimal set. 
E. V maps 
Expected cost, variance maps for several acreage levels were 
constructed by plotting the combinations of the mean and standard 
deviation for total costs for each machinery set. Those sets having 
a lower mean and/or a lower standard deviation than each of the 
other sets at each acreage level were termed "efficient" sets, and 
were connected by a solid line to project the shape of the E, V 
frontier. The optimal machinery set is represented by the point 
on the E, V frontier which touches the cost, variance indifference 
curve lying closest to the origin. 
Although the optimal set cannot be actually identified without 
knowing the shape of each farmer's indifference curves, several 
machinery sets seemed more likely to be chosen than others. In 
particular the four-row medium, six-row large, eight-row large and 
twelve-row extra large sets would have been optimal assuming a 
broad rangs of slopes for the Indifference curves. As the number 
of crop acres increased (under the initial assumptions) the sets 
with highest mean costs tended to also have the highest standard 
deviations, due to the Increased level and variability of timeli­
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ness costs. At 900 and 1,000 acres the twelve-row extra large set 
had both the lowest mean and lowest standard deviation for total costs. 
E, S maps 
Expected cost, semi-variance frontiers were constructed in a 
manner similar to the E, V frontiers except that semi-variance, 
which considers only deviations above the mean, was used as the 
measure of cost variability. Since the cost distributions for all 
the machinery sets were skewed in the same direction and to approxi­
mately the same degree, this method gave practically the same 
results as the E, V frontier method. Figure 7.7 shows the size of 
the optimal machinery sets using the E,V and E, S criteria when 
a marginal rate of substitution of ten between the mean and 
standard deviations of total costs was arbitrarily assumed. In all 
cases except at 100 and 1,000 acres the sizes of the optimal 
machinery sets were greater than when only the means of the cost 
distributions were considered. 
Cost, variance 
A rather simple method of incorporating risk reduction into the 
machinery selection decision is to choose the least-cost set with 
the smallest standard deviation in cases where more than one set 
is identified as least-cost. This reduces the degree of risk with 
no significant increase in expected costs. The average size of the 
optimal sets under this criteria was slightly larger than the 
Size, 
Hours/acre 
Least-cost 
2.0 J 
200 400 600 800 1000 
Acres 
Figure 7.7. Optimal machinery sets under least-cost, E, V and E, S criteria 
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average size of all the least-cost sets. 
Figure 7.8 shows that from 600 to 1,000 acres more than one 
machinery set was least-cost under the initial assumptions. The 
shaded area represents the range in size of the least-cost sets. 
The optimal sets under the criteria described above would lie on 
the top edge, which represents the largest least-cost sets. 
Upper confidence limit 
Two risk/return criteria emphasize avoiding a very high-cost 
year. The first involves calculating the maximum total cost 
expected for each machinery set at a designated level of confidence. 
The set with the lowest maximum cost or upper confidence limit is 
chosen as the optimal set. Applying this criterion using both 90 
and 99 percent confidence levels resulted in optimal machinery 
sets somewhat larger in size than the least-cost sets. However, 
the risk premiums attached to these sets were generally not more 
than one or two dollars. Figure 7.9 shows the sizes of the optimal 
machinery sets under this criterion, using a 90 percent confidence 
level. 
Maximum affordable loss 
For the maximum affordable loss criterion, an estimate is 
made for each machinery set of the probability of exceeding a 
certain total cost level. The machinery set with the lowest 
probability is chosen as optimal. The maximum cost level is the 
Hours/acres 
1 .0  
2 .0  
200 400 600 
Acres 
Figure 7,8. Optimal set under cost, variance criterion 
800 1000 
Size,, 
Hours/acre 
Upper confidence limit 
Maximum affordable 
loss 
Least-cost 
2.0 
200 400 600 800 1000 
Acres 
Figure 7.9. Optimal machinery setî; under upper confidence limit, maximum affordable 
loss and least-cost criteria 
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highest the producer feels he can sustain in a given year, and 
is affected by cash flow commitments, financial security and risk 
preference. It was discovered that, due to the relatively low stan­
dard deviation for costs for most of the machinery sets, unless 
the maximum affordable loss was within $5 or $10 of the mean, the 
probability of exceeding it approached one or zero. 
Figure 7.9 shows the sizes of the optimal sets using values 
for the maximum affordable loss equal to $25,000 per year over 
each acreage level. Both the upper confidence limit and maximum 
affordable loss criteria result in optimal machinery sets larger 
than the least-cost sets. 
It should be cautioned that Figures 7.7 and 7.9 only show 
examples of results under several different optimality criteria. 
In each case some arbitrary assumption was made about the risk 
preferences of the producer, and there is no way to assure that 
the assumptions made in each case are comparable. 
Except when the smallest machinery sets were used over a 
large number of acres, the potential variability of costs for each 
machinery set was not large. In most cases total costs per acre 
could be expected to fall within $5 of the mean 95 percent of the 
time. This was due partly to the effects of the progressive marginal 
tax rates and partly to assumptions of some flexibility In the 
scheduling of field operations in years with fewer than average 
suitable field days. Since the primary source of high mean costs, 
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timeliness costs, was also the main source of high variation in 
total costs, the lowest cost sets in many cases also had the least 
variability. This was especially true at the higher acreage levels. 
This means that although it may be possible to include consideration 
of variability as well as level of costs in selecting machinery, 
choosing machinery sets strictly on a least-cost basis will 
generally not result in a machinery set that presents a high degree 
of risk. 
Actual versus least-cost sizes 
Evidence from a sample of Iowa farmers tends to confirm the 
above argument. On the average, the size of the actual machinery 
sets reported by a sample of participants in CROP-OPT seminars from 
1975 to 1977 was 1.70 hours per acre, only .01 hours per acre 
smaller than the estimated size of the least-cost machinery sets 
for their farming operations. The smaller farms (100-300.acres) 
tended to have machinery somewhat larger than the least-cost 
size, while for the larger farms (800-1,000 acres) the opposite 
was true. 
The amount of labor available for field work did not appear 
to affect whether a farm's actual machinery capacity was larger 
or smaller than the lsast=cost size, Th# sarns was true for 
differences in expected gross revenue per acre. 
The close agreement between the sizes of the actual and least-
cost machinery sets supports the hypothesis that although Iowa 
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farmers are no doubt aware of the risk reducing effects of larger 
machinery, cost minimization is the primary criterion used in 
machinery selection. 
Areas for Further Research 
More detailed information from a broader and more representa­
tive sample of farmers is needed to more accurately test whether or 
not their machinery selection decisions really do correspond 
closely to that projected under a least-cost criterion. Information 
about farmers' attitudes towards risk, especially regarding the 
occurrence of fewer than normal suitable field days, and what 
measures are used to reduce this risk would facilitate a much 
better understanding of the decision-making process used in machinery 
selection. 
Some aspects of the simulation model used to estimate machinery 
costs could be specified more accurately if more detailed farm 
level data were available. Examples include marginal tax rates, 
possible short-run adjustments to the set of tillage operations 
carried out, and the effect of soil type on the number of suitable 
field days available. Other parameters which were not tested but 
could be significant are the hourly labor cost and adoption of 
"reduced" or "minimum" tillage practices. 
In this study all machinery cost components were summed and 
treated equally. However, some types of costs may have different 
implications for risk than others, such as cash and noncash costs. 
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or indirect costs such as timeliness costs and income tax savings. 
Consideration of only ten possible machinery sets also placed 
some limitations on the usefulness of the information generated, 
particularly in two areas. One was in estimating the mean, variance 
and mean, semi-variance frontiers, where only a partial set of points 
on each frontier could be identified. The other was in analyzing 
the effects which varying key parameters had on the least-cost sizes 
of different types of machines such as tillage, planting and 
harvesting implements. For these purposes some type of optimizing 
model which can be varied parametrically might be more useful, 
where many combinations of sizes of tractors, combines and tillage 
machines could be considered at once. 
Conclusions 
Several general conclusions can be drawn from the data and 
analysis presented in this study. 
1. Increasing the size of the machinery set being used in a 
particular farming situation may either decrease or increase total 
machinery costs, depending on a number of factors, particularly 
the marginal rates of change of fixed and timeliness costs per 
acre. 
2, The size of the least-cost machinery set for a particular 
farm is most significantly affected by the number of crop acres 
being farmed and the number of field and labor hours per day avail­
able. Expected gross revenue per acre, crop mix between corn and 
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soybeans, and region within Iowa were less important factors. 
3. Including variability as a factor in selecting the optimum 
machinery size results in choosing sets slightly larger than the 
least-cost sets with only a small expected increase in mean costs. 
On the whole, however, variability of total machinery costs was 
relatively small compared to total costs of machinery in 
crop production. 
4. Consideration of income tax effects did not significantly 
affect the size of the least-cost machinery sets, but did reduce the 
estimated variability of total costs from year to year. 
5. Comparison of estimated least-cost machinery size with 
actual machinery sizes for a sample of farmers showed no significant 
difference. However, farmers with fewer crop acres were more likely 
to have machinery larger than the least-cost size than fanners 
with more crop acres. 
It is hoped that these conclusions will help increase the 
understanding of the decision-making process in farm machinery 
selection and shed light on the factors which should be most 
strongly considered in making this decision. 
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APPENDIX A. MACHINERY SET PARAMETERS 
Table A.l. List price, width, speed, efficiency and capacity of machines tested^ 
List Width, Field speed, Field 
Machine price feet mph efficiency Field capacity 
55 hp. tractor $11,300 
65 hp. tractor 13,500 
75 hp. tractor 16,000 
85 hp. tractor 21,000 
105 hp. tractor 23,900 
125 hp. tractor 25,600 
145 hp. tractor 27,600 
4 bottom plow 2,650 5.3 4.5 .85 2.5 acres/hr. 
5 bottom plow 3,760 6.7 4.5 .83 3.0 
6 bottom plow 4,400 9.0 4.5 .81 4,1 
7 bottom plow 7,120 110.3 4.5 .79 4.4 
chisel plow 1,150 9.5 5.0 .85 4.9 
chisel plow 1,370 111.3 5.0 .85 5.8 
chisel plow 1,650 1L3.5 5.0 .83 6.8 
chisel plow 1,960 il5.0 5.0 .81 7.4 
tandem disk 3,810 :i4.o 5.5 .83 7.7 
tandem disk 5,530 :i7.o 5.5 .81 9.2 
tandem disk 6,250 ÎÎ1.0 5.5 .80 11.2 
tandem disk 7,230 ;Î4.O 5.5 .80 12.8 
fielld cultivator 1,850 15.0 5.0 .83 7.5 
field cultivator 3,600 21.0 5.0 .80 10.2 
field cultivator 5,260 27.0 5.0 .80 13.1 
fielld cultivator 5,750 34.0 5.0 .78 16.1 
spiketooth harrow 630 21.0 6.0 .80 12.2 
spiketooth harrow 790 26.0 6.0 .80 15.1 
spiketooth harrow 940 31.0 6.0 .80 18.0 
spiketooth harrow 1,100 36.0 6.0 .80 20.9 
^Source: (1), (4), (14), (2(5). 
Table A.l. Continued 
List Width, Field speed 
Machine price feet mph 
4 row planter $ 3,400 10.0 5.0 
6 row planter 5,000 15.0 5.0 
8 row planter 6,570 20.0 5.0 
12 row planter 10,100 30.0 5.0 
4 row rotary hoe 1,300 10.0 7.5 
6 row rotary hoe 1,690 15.0 7.5 
8 row rotary hoe 2,210 20.0 7.5 
12 row rotary hoe 3,200 30.0 7.5 
4 row cultivator 1,500 10.0 4.5 
6 row cultivator 1,990 15.0 4.5 
8 row cultivator 2,630 20.0 4.5 
12 row cultivator 4,240 20.0 4.5 
75 hp. combine 19,000 
100 hp. combine 25,800 
125 hp. combine 31,400 
145 hp. combine 36,200 
2 row corn head 3,350 5.0 2.6 
3 row corn head 5,530 7.5 2.6 
4 row corn head 7,250 10.0 2.6 
6 row corn head 9,540 15.0 2.6 
soybean head 3,050 10.0 2.8 
soybean head 3,670 13.0 2.8 
soybean head 3,920 15.0 2.8 
soybean head 4,620 20.0 2.8 
grain wagon 2,960 
grain wagon 3,500 
grain wagon 4,520 
grain wagon 6,000 
Field 
efficiency Field capacity 
.74 4.5 acres/hr. 
.74 6.7 
.72 8.7 
.70 12.7 
.88 10.2 
.86 11.7 
.84 15.3 
.82 22.4 
.83 5.7 
.80 6.5 
.78 8.5 
.76 12.4 
.75 1.2 
.73 1.7 
.71 2.2 
.67 3.2 
.76 2.6 
.74 3.3 
.73 3.7 
.71 4.8 
185 bu. 
250 
350 
450 bu. 
Table A.l. Continued 
List Width, Field speed. Field 
Machine price fest mph efficiency Field capacity 
auger $ 940 700 bu./hr. 
auger 1,430 1,000 
auger 1,980 1,900 
auger 2,300 2,300 
grain dryer 8,000 100 
grain dryer 12,000 150 
grain dryer 14,000 200 
grain dryer 18,500 375 
Table A.2. Assumed values for repair cost, use and ownership, and remaining farm 
value factors3 
Machine 
Repair cost factors 
RCl RC2 RC3 
Hours of 
annual use 
Years of 
ownership 
Hours of 
wearout life 
Remaining farm 
value factors 
RFVl RFV2 
tractors 1.20 .000631 1.6 500 10 12,000 .68 .920 
moldtioard plows 1.00 .002510 1.3 100. 7 2,000 .60 .885 
chisel plows .65 .00251 1.8 80 7 2,000 .60 .885 
tandem disks .65 .000251 1.8 80 7 2,000 .60 .885 
field cultivators .65 .000251 1.8 40 7 2,000 .60 .885 
spiketooth harrows .65 .000251 1.8 40 7 2,000 .60 .885 
planters .75 .000631 1.6 60 7 1,000 .60 .885 
rotary hoes .65 .000251 1.8 50 7 2,000 .60 .885 
cultivators .65 .000251 1.8 80 7 2,000 .60 .885 
combines .33 .000251 1.8 200 10 2,000 .64 .885 
corn heads .33 .000251 1.8 140 10 2,000 .64 .885 
soybean heads .33 .000251 1.8 60 10 2,000 .64 .885 
grain wagons 1.00 .000251 1.8 150 10 5,000 .60 .885 
augers .33 .000251 1.3 50 10 1,000 .60 .885 
grain dryers .65 ,000251 1.3 200 10 3,000 .60 .885 
^Sources: (1), (4), (14). 
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APPENDIX B. NUMBER^jOFSUITABLE FIELD DAYS, AVERAGE FOR STATE 
Climatic week 
beginning: 1958 1959 
Year 
1960 1961 1962 
March 29 .0 2.0 .0 1.3 .6 
April 5 .0 5.0 .3 3.0 2.4 
April 12 .0 5.9 3.8 2.4 5.2 
April 19 .4 4.1 3.7 3.8 6.4 
April 26 5.9 5.3 5.2 4.8 6.4 
May 3 5.9 4.1 4.0 4.2 4.5 
May 10 6.6 3.8 4.8 5.8 6.4 
May 17 6.3 3.1 2.6 3.6 5.5 
May 24 6.6 3.9 2.6 6.2 4.0 
May 31 4,2 4.4 5.5 1.7 2.4 
June 7 3.4 6.5 6.1 3.9 5.4 
June 14 4.9 6.5 3.2 4.9 6.1 
June 21 5.0 6.2 3.6 6.4 6.6 
June 28 4.6 2.7 5.0 6.5 5.1 
September 20 5.7 4.8 4.4 5.1 6.7 
September 27 6.6 2.7 5.2 4.8 2.1 
October 4 5.4 1.9 6.9 4.8 4.1 
October 11 6.9 5.4 6.0 4.4 5.3 
October 18 6.6 6.0 6.6 5.6 5.2 
October 25 6.8 5.2 6.2 6.4 6.3 
November 1 6.8 3.6 4.1 2.9 6.6 
November 8 6.8 3.3 6.3 5.7 6.5 
November 15 (6.3) 4.1 5.9 3.6 6.5 
November 22 5.8 4.8 6.9 3.0 (5.5) 
November 29 (5.9) 6.4 6.0 4.9 (6.8) 
December 6 .0 6.4 .0 5.6 .0 
Parentheses indicate weeks for which no observations were 
taken in that year. Values were estimated using a random number 
process based on the mean and variance of the observations recorded 
for that week in other years. 
^Source: (16). 
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Climatic week Year 
beginning: 1963 1964 1965 1966 1967 
March 29 5.6 1.3 .2 3.1 4.0 
April 5 6.6 2.5 .0 4.5 4.9 
April 12 5.7 4.9 .3 5.2 3.1 
April 19 4.5 3.7 4.3 3.3 4.4 
April 26 3.5 2.2 2.9 5.0 3.8 
May 3 5.8 4.2 5.5 6.5 5.1 
May 10 3.8 4.2 6.0 3.4 4.8 
May 17 6.3 6.8 5.3 3.5 6.5 
May 24 5.7 5.3 2.5 4.2 6.9 
May 31 5.4 6.8 3.6 6.1 3.3 
June 7 5.9 5.3 4.6 3.5 2.2 
June 14 6.6 3.7 6.5 3.5 1.1 
June 21 6.4 4.3 6.1 6.5 3.8 
June 28 5.4 6.3 4.9 5.1 4.4 
September 20 5.5 4.2 1.0 6.6 5.2 
September 27 6.8 6.3 1.9 5.7 5.8 
October 4 6.8 6.7 5.5 6.6 6.3 
October 11 6.0 6.4 6.3 5.3 4.1 
October 18 6.2 6.9 4.3 4.7 6.1 
October 25 6.8 5.8 5.8 6.9 5.1 
November 1 6.8 5.8 6.9 6.9 3.1 
November 8 (5.9) 6.5 5.4 5.4 5.4 
November 15 4.7) (6.3) 6.0 6.7 6.4 
November 22 6.1) (4.2) 5.6 6.7 OQ (5.0) (5.3) 5.9 5.3 
December 6 .0 .0 .0 .0 5.2 
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Climatic week 
beginning: 1968 1969 
Year 
1970 1971 1972 
March 29 4.2 .0 .5 1.8 1.3 
April 5 6.5 1.5 4.3 4.8 2.5 
April 12 3.9 1.4 2.4 6.3 4.5 
April 19 2.5 5.4 3.1 6.0 3.7 
April 26 6.5 4.5 5.7 5.0 3.8 
May 3 5.4 3.5 6.9 5.4 2.0 
May 10 5.4 5.3 2.4 5.9 2.9 
May 17 5.4 2.0 6.0 4.2 5.1 
May 24 3.9 6.0 4.4 3.8 5.5 
May 31 6.8 6.1 4.6 5.3 4.9 
June 7 4.9 3.5 5.9 4.5 4.9 
June 14 6.6 6.2 4.5 5.9 4.3 
June 21 2.9 1.9 5.8 6.3 5.2 
June 28 5.9 2.6 6.7 5.7 5.9 
September 20 5.0 6.3 2.3 5.5 5.4 
September 27 5.7 6.2 6.1 5.2 4.1 
October 4 2.6 5.7 4.3 6.5 4.3 
October 11 2.7 2.5 4.3 6.7 5.8 
October 18 4.7 3.8 5.5 4.4 5.8 
October 25 6.2 4.7 3.0 4.4 3.2 
November 1 5.4 3.8 3.3 3.9 1.4 
November 8 3.8 6.3 2.4 6.2 2.5 
November 15 4.7 6.2 3.8 4.3 2.3 
nOVSmber 22 6.5 6.9 5.7 (6.7) 4.S 
November 29 5.8 6.9 (5.6) Î6.3S 5.6 
December 6 .0 .0 .0 .0 5.3 
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Climatic week Year 
beginning: 1973 1974 1975 1976 1977 
March 29 1.7 2.1 .1 3.1 3.3 
April 5 1.0 4.1 .1 6.6 2.3 
April 12 1.3 4.3 .7 6.0 2.4 
April 19 4.0 5.1 1.4 1.8 5.9 
April 26 2.1 5.3 3.3 2.7 4.0 
May 3 2.0 3.9 4.7 5.6 6.5 
May 10 6.6 1.4 5.8 5.2 4.5 
May 17 6.2 2.4 6.3 4.4 6.5 
May 24 2.5 2.5 3.8 4.8 5.9 
May 31 4.5 4.9 4.7 6.0 5.8 
June 7 5.9 3.9 3.7 6.2 6.5 
June 14 4.9 5.5 1.9 4.5 6.7 
June 21 6.2 5.9 3.2 5.9 5.9 
June 28 4.2 6.3 6.5 5.5 5.9 
September 20 2.0 6.9 6.9 6.3 3.9 
September 27 1.8 6.4 6.1 5.6 4.7 
October 4 .9 5.7 6.9 5.5 4.4 
October 11 6.3 5.0 6.9 7.0 3.9 
October 18 7.0 6.9 6.6 5.7 6.6 
October 25 6.2 3.8 7.0 6.0 2.9 
November 1 6.6 5.6 5.8 6.5 2.6 
November 8 5.7 3.9 4.7 (3.6) 2.3 
November 15 4.2 6.4 (4.8) (5.1 (4.7) 
Ngyamhgy 22 
November 29 
(c, 6.2 
(6.4) 
M nS là. 
(6:9) (4:8) (5:7) \Ï.IS 
December 6 .0 .0 .0 .0 .0 
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APPENDIX C. YIELD REDUCTIONS DUE TO LATE PLANTING 
AND HARVESTING OF CORN AND SOYBEANS 
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Table C.l. Corn planting periods with assumed yield reduction for 
late planting® 
Planting periods Assumed yield reduction 
April 15-24 0% 
April 25-May 4 0% 
May 5-14 3% 
May 15-24 10% 
May 25-June 3 20% 
June 4-13 35% 
^Source: (18, p.l). 
Table C.2. Soybean planting periods with assumed yield reduction 
for late piantinga 
Yield reduction 
Planting periods for late performance 
April 25-May 4 0% 
May 5-14 0% 
May 15-24 3% 
May 25-June 3 10% 
June 4-13 20% 
^Source: (18, p. 1). 
Table C.3. Corn harvesting periods with assumed percent reductions in yield and moisture 
percentages for late harvesta 
Planting dates 
Apr. 15-24 Apr. 25-May 4 May 5-14 May 15-24 
Harvest dates 
% yield 
reduced 
% 
moisture 
% yield 
reduced 
% 
moisture 
% yield % 
reduced moisture 
% yield % 
reduced moisture 
Sept.. 6-Oct. 5 0.0 25.5 0.3 28.5 0.4 30.8 0.9 34.1 
Oct. 6-15 2.2 21.il 1.3 22.9 0.5 24.9 0.3 27.6 
Oct. 16-25 3.7 18.7 3.1 19.5 2.1 20.3 1.4 22.4 
Oct. 26-Nov. 4 4.8 18.% 4.3 18.3 3.6 18.7 2.8 20.1 
Nov. 5-14 5.6 18. :i 5.2 18.2 4.7 18.4 4.1 18.6 
Nov. 15-24 6.2 18.0 5.9 18.1 5.5 18.2 5.0 18.4 
Nov. 25-Dec. 4 6.7 17.9 6.4 18.0 6.1 18.1 5.7 18.2 
Source: (18, p. 2). 
Table C.3. Continued. 
Planting dates 
May 25-June 3 June 4-13 
% yield % % yield % 
Harvest dates reduced moi sturei reduced moi sture 
Sept. 6-Oct. 5 1.3 37.2 3.1 43.0 
Oct. 6-15 0.5 31.1 0.9 34.1 
Oct. 16-25 0.3 25.8 0.3 28.9 
Oct. 26-Nov. 4 1.3 22.2: 0.4 25.7 
Nov. 5-14 2.9 19.8 1.4 22.1 
Nov. 15-24 4.0 18.5 2.7 19.7 
Nov. 25-Dec. 4 4.9 18.3 3.8 18.5 
ro 
cn 
VÛ 
Table C.4. Soybean harvesting periods with assumed percent reductions in yield for late harvest* 
Planting dates 
Apr. 25-May 4 May 5-14 May 15-24 May 25-June 3 June 4-13 
% yield % yield % yield % yield % yield 
Harvest dates reduced reduced reduced reduced reduced 
Sept. 26-Oct. 5 0.0 0.0 - - -- — — 
Oct. 6-15 0.0 0.0 0.0 0.0 2.0 
Oct. 16-25 3.0 3.0 3.0 0.0 0.0 
Oct. 26-Nov. 4 10.0 10.0 8.0 5.7 3.0 
Nov. 5-14 25.0 25.0 20.0 17.0 11.4 
Source: (18, p.2). 
271 
APPENDIX D. ESTIMATED BEGINNING PLANTING AND HARVESTING DATES FOR 
CORN AND SOYBEANS IN IOWA, 1958 TO 19771 
Corn Soybean Corn Soybean 
Year planting planting harvesting harvesting 
1958 May 6 May 12 September 22 October 6 
1959 May 4 May 12 September 23 October 5 
1960 May 9 May 16 October 3 October 10 
1961 May 4 May 11 September 25 October 2 
1962 April 30 May 10 September 22 September 30 
1963 April 23 May 9 September 20 September 28 
1964 May 2 May 13 September 24 September 26 
1965 May 3 May 13 October 3 October 12 
1966 May 1 May 11 September 23 October 5 
1967 May 2 May 11 September 27 October 10 
1968 April 26 May 7 September 25 October 15 
1969 May 4 May 14 October 1 October 8 
1970 April 28 May 8 September 25 September 30 
1971 April 24 May 7 September 23 September 28 
1972 May 3 May 15 October 1 October 7 
1973 Apri 1 27 May 10 September 28 October 5 
1974 April 29 May 15 September 29 October 7 
1975 May 2 May 12 September 27 September 28 
1976 April 23 May 7 September 24 September 24 
1977 April 20 May 2 September 25 September 21 
